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ROBERT  DRTTMMOND,  PRINTER,  NEW  YORK. 


PREFACE, 


In  the  steam-turbine  we  are  confronted  with  an 
entirely  new  series  of  phenomena.  The  knowledge  of 
steam  accumulated  by  familiarity  with  the  reciprocat- 
ing engine  is  of  little  use  in  designing  this  newest  yet 
oldest  of  prime  movers.  Nor  can  the  cut-and-try 
methods  that  have  brought  the  reciprocating  engine 
to  its  present  and,  it  may  almost  be  said,  its  final 
stage  of  excellence  be  employed  in  the  steam-turbine. 
Modern  commercial  conditions  are  such  that  design 
must  be  based  on  ascertained  physical  laws. 

The  development  of  the  steam-turbine  within  the 
last  few  years  has  been  remarkable.  It  has  reached  a 
position  not  only  of  equality  with  the  best  modern 
engines,  but  its  high  efficiency,  its  lower  first  cost, 
smaller  size,  and  ease  of  operation  have  placed  it  in  the 
very  forefront  of  steam-engineering  practice. 

This  rapid  advance  has  necessitated  the  re-investiga- 
tion of  steam  from  the  point  of  view  of  velocity  instead 
of  pressure,  of  kinetic  energy  instead  of  potential,  of 
the  friction  of  rapidly  moving  bodies  against  a  vapor 
instead  of  a  lubricated  surface,  of  the  balancing  of 
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parts  so  that  they  shall  revolve  about  their  centre  of 
gravity,  and  of  numerous  other  questions  which  are  but 
beginning  to  make  themselves  felt.  The  available  data 
are  few,  and  practically  all  the  information  is  scattered 
widely  through  the  pages  of  French  or  German  scientific 
periodicals. 

Of  all  these,  the  fundamental  problem  is  the  propor- 
tioning of  the  nozzles  or  passages  which  shall  permit 
the-  steam  to  transform  its  pressure  into  vis  viva. 
While  there  exists  considerable  information  on  this 
subject  throughout  the  scientific  press,  very  little  is 
reliable  or  in  such  shape  as  to  be  of  practical  value. 
The  experiments  undertaken  by  Prof.  Rateau  on  this 
most  important  feature  of  steam-turbine  design  were 
made  when  he  was  beginning  his  study  of  the  steam- 
turbine  and  evidence  a  care  and  precision  of  scientific 
research  coupled  with  a  keen  appreciation  of  the  prac- 
tical that  give  a  report  of  his  results  a  value  to  the 
designer  too  often  wanting  in  the  ordinary  laboratory 
investigation. 

In  the  hope  that  these  results  may  be  of  some  service 
to  those  who  have  neither  the  time  nor  the  inclination 
to  study  them  in  the  original,  this  translation  has 
been  made. 

H.  B.  B. 

Chicago,  September  1904. 
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EXPERIMENTAL  RESEARCHES 


ON 


THE    FLOW    OF    STEAM    THROUGH    CONVERGENT 
NOZZLES  AND  ORIFICES  IN  THIN  PLATES. 


i.  The  operation  of  steam  turbines  depends  upon 
the  flow  of  steam  at  a  high  velocity.  In  order  to  be 
able  to  calculate  these  machines  rationally  it  is  neces- 
sary to  have  a  complete  knowledge  of  the  phenomenon 
of  the  flow  of  steam.  As  only  brief,  incomplete  and 
sometimes  erroneous  ideas  are  foimd  in  the  works  on 
mechanics  and  thermodynamics,  I  undertook  extended 
and  precise  experimental  researches  in  order  to  verify 
the  thermodynamic  principles  involved. 

The  results  of  these  researches,  made  in  1895-96, 
are  here  published.  We  shall  see  that  the  theoretical 
formulae,  correctly  interpreted,  are  exactly  confirmed, 
and  also  that  the  experimental  results  allow  of  deter- 
mining very  closely  the  mechanical  equivalent  of  the 
heat  unit. 


2  FLOW  OF  STEAM 

Before  describing  the  method  employed  I  will  out- 
line the  theory  of  the  phenomenon. 

2.  Theory. — The  flow  of  elastic  fluids  through  noz- 
zles differs  considerably  from  the  flow  of  liquids  as 
soon  as  the  ratio  of  the  pressure  in  the  exhaust  to  the 

initial  pressure  -^-  becomes  appreciably  less  than  unity. 

If  at  any  point  in  a  nozzle 

S  be  the  area  of  the  nozzle, 

V  the  velocity  of  the  fluid, 

Q  the  volume  of  discharge, 

W  the  weight  discharged, 

D  the  mean  density  of  the  fluid  in  the  state  in 
which  it  exists,  i.e.,  homogeneous  or  heterogeneous, 
while  passing  the  section  S,  then  the  volume  of  the 
discharge  Q  is  at  once  given  by  Q  =  VS,  and  the  weight 
of  the  discharge  is  equal  to  DQ  and  is  related  to  the 
section  S  and  the  velocity  V  by  the  following  formula: 

W  =  DVS (1) 

If  D  is  constant,  as  in  the  case  of  liquids,  the  section  S 
is  inversely  proportional  to  the  velocity  V,  and  con- 
sequently V  always  increases  as  S  decreases,  but  this 
is  no  longer  true  in  the  case  of  elastic  fluids.  As  the 
pressure  falls  the  density  decreases  proportionally, 
while  the  velocity  increases  in  such  a  manner  that 
the  product  DV  first  increases,  reaches  a  maximum, 
and  then  decreases.  In  the  case  of  gases  the  maxi- 
mum occurs  for  a  ratio  of  the  pressures  equal  to  0.52, 


THROUGH   CONVERGENT   NOZZLES,  ETC.  3 

and  for  steam  when  the  ratio  is  in  the  neighborhood 
of  0.58  whatever  the  initial  pressure  may  be.1  The 
calculation  of  this  maximum  will  be  given  later.  It 
follows  that  when  the  exhaust  pressure  is  lower  than 
0.58P  the  discharge  nozzle,  at  first  convergent,  should 
then  diverge,  if  it  is  desired  that  the  steam  shall  con- 
tinue to  expand  so  as  to  reach  the  speed  correspond- 
ing to  the  fall  of  pressure  from  P  to  p;  and  the  ratio 
of  the  final  section  of  the  nozzle  St  to  the  section  at 
the  throat  S  should  vary  with  the  ratio  of  the  pres- 
sures. At  the  throat  the  pressure  is  always  equal  to 
0.58P,  and  the  velocity,  which  depends  on  P  only,  is 
the  same  as  sound  would  have  in  the  fluid  in  the  state 
in  which  it  exists  at  that  point  of  the  nozzle,  as  has 
been  shown  by  Hugonoit  (Comptes  Rendus  de  FAcade- 
mie  des  Sciences,  vol.  103). 

With  a  given  nozzle,  if  the  pressure  p  into  which 
the   steam   is  discharged  is    lower  than  the  value  px 

S 
corresponding  to  the  ratio  — L  of  the  sections  of   the 

o 

mouth  and  the  throat  of  the  nozzle,  the  pressure  of 
the  steam  at  the  mouth  of  the  nozzle  will  not  be  p,  but 
plf  which  is  in  a  fixed  ratio  to  the  initial  pressure  P. 
At  the  moment  of  leaving  the  nozzle,  the  steam  en- 
tering suddenly  into  a  space  where  the  pressure  is  lower 
than  in  the  mouth  of  the  nozzle  immediately  expands 

1  The  value  of  this  ratio  which  makes  DV  a  maximum 
appears,  however,  to  depend  a  little  on  the  value  of  P  in  the 
ease  of  steam. 
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and  the  jet  takes  a  paraboloid  form.  The  enlargement 
of  the  jet  ceases  when  the  back  pressure  reaches  the 
value  pv 

The  discharge  is  independent  of  the  back  pressure 
when  that  is  less  than  0.58P.  On  the  contrary,  when 
p  is  larger  than  0.58P  the  discharge  depends  both 
on  P  and  p.  It  is  necessary  to  distinguish  two  very 
different  cases,  therefore-  in  the  first  the  calculation 
of  the  discharge  depends  only  on  P  and  the  formula 
is  simple;  in  the  second  it  depends  both  on  P  and 
on  p. 

For  both  cases,  however,  it  is  the  most  contracted 
section  of  the  nozzle  (the  throat  if  it  is  convergent- 
divergent,  or  the  mouth  if  it  is  simply  convergent), 
which  enters  into  the  calculation  of  the  discharge. 

The  above  is  only  applicable,  strictly  speaking,  to 
nozzles  properly  so  called.  In  the  case  of  orifices  in 
thin   plates   the    coefficient   of   contraction   K,    which 

varies  with  the  ratio  -p  of  the  pressures,  complicates 

the  phenomenon.  We  shall  see  later  on  the  experi- 
mental values  that  were  obtained  for  this  coefficient. 

3.  Equation  of  Velocity. — The  velocity  V  of  the 
steam  can  be  calculated  by  two  different  methods, 
either  by  the  ordinary  mechanical  method  having 
given  the  relations  between  the  specific  volume  s  and 
the  pressure  p,  or  by  thermodynamics  having  given 
the  thermal  constants  of  the  steam,  which  can  be 
obtained  from  Regnault's  steam  tables. 

The  first  method  results  in  the  general  formula  usu- 
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ally  credited  to  Weisbach,   but  already  pointed  out 
by  Wantzel  and  Saint  Venant  in  1839, 

Tg=h-dp,.     .....  (2) 


wh'ch  can  be  integrated  when  the  relation  between 
v  and  p  is  known. 

It  is  always  assumed  that  in  the  flow  of  steam  through 
nozzles  the  expansion  is  adiabatic  because  the  steam 
remains  so  short  a  time  in  the  nozzle,  some  0.0001  of 
a  second,  that  it  cannot  give  up  or  receive  an  appreci- 
able quantity  of  heat.  Now  in  the  case  of  adiabatic 
expansion  of  initially  saturated  steam  Zeuner  has 
shown  1  that  within  large  limits  of  pressure  we  have 
approximately 

pv  =  constant,     .     .    .    .    .     (3) 

as  in  the  case  of  gases,  but  with  ?-  =  1.035  instead  of 
1.41.  Putting  the  value  of  v  calculated  by  this  equa- 
tion in  the  preceding  equation,  V  is  obtained  as  a 
function  of  P  and  p.  Then  from  Zeuner's  empirical 
formula  D  =  0.587P0"94,  which  gives  the  density  of 
steam  as  a  function  of  its  pressure,  we  have  the  fol- 
lowing formula  for  the  discharge  when  P  =  0.58P: 

T7  =  15.26P0-97, (4) 

1  Mechanical  Theory  of  Heat, 
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W  being  the  weight  of  steam  discharged  in  grammes 
per  second  per  square  centimetre  of  orifice.1 

This  formula  was  given  by  Dr.  Grashof  (Theore- 
tische  Maschinenlehre,  Vol.  I,  in). 

By  the  second  method,   developed  by  Zeuner,   the 

V2 
kinetic  energy  —  of  unit  weight  of  the  fluid  should  be 
^9 

equal  to  the  energy  represented  by  the  entropy  dia- 
gram when  the  expansion  is  adiabatic  from  P  to  p. 

Putting  T0  the  temperature  of  saturated  steam 
corresponding  to  P,  Tx  that  corresponding  to  p,  in 
the  entropy  diagram  (Fig.  1),  with  entropy  <f>  as 
abscissae  and  absolute  temperature  T  as  ordinates,  AE 
and  DF  are  the  isothermals  at  the  temperatures  T0 
and  Tv  AD  is  the  curve  of  entropy  for  water,  and 
EF  that  for  saturated  steam.  Let  B  be  the  point 
corresponding  to  the  state  of  the  steam  as  it  enters 
the  nozzle.  Now  the  relative  weights  of  liquid  and 
vapor  in  the  mixture  represented  by  the  point  B  are 
proportional  to  the  lengths  BE  and  BA.  (We  are 
here  supposing  for  the  sake  of  greater  generality  that 
the  fluid  is  not  initially  in  the  state  of  saturated  steam.) 
BC  is  the  line  representing  the  expansion  of  steam  in 
the   nozzle.     If   the   expansion   is   adiabatic,  BC  is  a 

1  In  English  units  this  formula  becomes 
TF  =  0.0165P097, 

where  W  =  pounds  discharged  per  square  inch  of  orifice  per 
second  and  P  =  absolute  pressure  in  pounds  per  square  inch. 
—Trans. 
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straight  line  parallel  to  the  axis  of  temperatures. 
The  total  mechanical  energy  developed  by  the  fluid 
during  its  complete  expansion  from  the  pressure  P  to 
the  pressure  p  is  represented  on  the  diagram  by  the 
area  of  the  trapezium  ABCD.    This  area  is  given  by 


To 


Fig.  1. 

the  simple  expression  OL,  in  which  6  is  its  height  (that 

is  to  say,  the  fall  of  temperature  from  T0  to  Tx)  and 

L  its  mean  length  MN. 

When  the  fall  of  temperature  is  small  this  mean 

length  L  can  be  taken  in  practice  equal  to  the  mean 

of  the  two  bases  AB  and  CD ;  but  if  the  exact  formula 

is  required,  the  trapezium  must  be  divided  into   the 

rectangle  ABCG,  equal  to  OAB,  and  the  triangle  with 

curvilinear  hypotenuse  AGD.    If  the  steam  is  initially 

r 
saturated,  AB  is  equal  to  7^7-,  r  being  the  heat  of  va- 

J-  0 

porization  of  the  water  at  the  temperature  T0. 
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Introducing  E,  the  mechanical  equivalent  of  heat, 
the  formula  for  the  velocity  becomes 

V2=2gEdL, (5) 

and  if  the  steam  is  initially  saturated,  we  may  write 

F2=2^(^-+g) (6) 

C  being  the  specific  heat  of  the  liquid  and  T  being 

T  -\-T 
nearly  the   arithmetic   mean    —^ — -  of  the   extreme 

temperatures. 

This  is  the  simplest  form  of  the  equation  by  which 
the  velocity  of  the  flow  of  steam  can  be  calculated. 
It  supposes  a  knowledge  first  of  the  temperatures  cor- 
responding to  the  pressures;  second,  the  heat  of  vapor- 
ization of  the  liquid;  third,  the  specific  heat  of  the 
liquid.  These  values  are  given  for  water  by  Regnault's 
tables  with  an  approximation  more  than  sufficient 
in  practice. 

4.  Calculation  of  the  Weight  of  Discharge. — In  order 
to  calculate  the  weight  of  discharge,  the  velocity  of 
flow,  the  density  of  the  steam  at  the  section  of  the 
nozzle  under  consideration,  and  the  quantity  of  liquid 
formed  during  the  adiabatic  expansion  must  be  ascer- 
tained. This  liquid  is  entrained  in  the  steam  and 
probably  makes  with  it  a  homogeneous  mixture. 

The  density  can  be  obtained  from  Regnault's  tables 
by  means  of  Clapeyron's  formula.     It  has  already  been 
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calculated  and  is  generally  found  in  a  supplementary 
column  added  to  Regnault's  tables. 

The  quantity  of  liquid  formed  can  be  calculated 
from  the  entropy  diagram,  or  can  be  taken  from  a 
chart,  as  I  have  shown  in  my  Rapport  sur  les  Turbines 
a  Vapeur.1  The  proportion  of  water  thus  obtained  is 
1  —  x,  where  x  is  the  quality  of  the  steam. 

Neglecting  the  specific  volume  of  the  liquid  com- 
pared with  that  of  the  steam  (which  is  many  hundred 
times  larger),  we  have  for  the  weight  of  discharge 


w=™v- 


Conversely,  being  given  a  weight  W  of  steam  discharged 
by  a  nozzle,  we  can  calculate  by  this  formula  the  area 
necessary  when  the  pressure  has  any  given  value  p. 
An  example  of  this  calculation  will  be  given  later. 

In  the  first  place,  however,  it  should  be  noted  that 
the  two  methods  employed  in  calculating  the  velocity 
and  weight  of  discharge  while  differing  in  form  are 
really  identical,  because  it  was  from  Regnault's  tables 
that  Zeuner  deduced  his  empirical  formula  connecting 
the  pressure  and  specific  volume  of  a  mixture  of  steam 
and  water  during  an  adiabatic  expansion,  so  that  both 
methods  are  based  finally  upon  Regnault's  tables; 
that  is  to  say,  on  the  experimental  data  of  thermody- 
namics. 

1  Memoir  presented  to  the  Congres  International  de  Meca- 
nique,  1900.     Rev.  de  Mecanique,  August  1900. 
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5.  Profile  of  Nozzles  for  Steam. — In  the  following 
table  is  given  the  calculation  of  the  velocity  of  flow  of 
initially  saturated  steam  from  an  initial  pressure  P  =  10 
kilogrammes  per  square  centimetre. 

The  first  column  of  this  table  gives  the  pressure  p 
at  which  the  speed  is  to  be  calculated. 

The  second  column  gives  the  fall  of  temperature  6; 
that  is  to  say,  the  difference  of  the  temperatures  cor- 
responding to  the  pressures  P  and  p. 

The  third  column  gives  the  value  of  L ;  that  is  to  say, 

r        6  6 

where     T'  =  T- 


T      2Tn     "—     *  2 " 

The  fourth  column  gives  the  velocity  of  flow  V  in  metres 
per  second  calculated  from  the  preceding  formula  (6). 

In  the  fifth  column  the  density  corresponding  to 
the  pressure  p  is  given. 

The  sixth  column  contains  the  product  DV. 

In  the  seventh  column  is  given  the  proportion  of 
steam  remaining  when  the  mixture  has  expanded  adia- 
batically  to  the  pressure  p.  The  fraction  x  is  calcu- 
lated by  means  of  the  entropy  diagram  or  by  Zeuner's 
formula 

rxxx     roxQ      n}^„  ^i 

-=— -Clog^. 

In  the  eighth  column  the  quotient  re  by  DV  is  written, 
or  rather,  to  avoid  a  number  of  zeros,  1000  times  this 
quotient, 

1000^. 
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The  sections  of  a  nozzle  required  to  discharge  a  pre- 
determined weight  of  steam  will  be  proportional  to 
this  quantity.  To  obtain  the  absolute  values,  the 
actual  discharge  of  steam  must  be  known. 

Examining  the  numbers  in  this  column  it  will  be 
noted  that  the  areas  decrease  until  p  is  equal  to  0.58P, 
and  then  increase  indefinitely.  In  order  to  determine 
as  exactly  as  possible  the  position  of  this  minimum,  we 
have  made  the  intervals  of  pressure  p  in  the  neighbor- 
hood of  the  value  0.58P  much  smaller.      By  tracing 

x 
the  curve  of  the  quantity  1000  jyxr~  as  a  function  of  the 

pressure  p,  the  position  and  the  value  of  this  minimum 
are  determined  with  an  approximation  as  close  as  is 
permitted  by  Regnault's  tables. 

I  have  made  this  calculation  for  the  discharge  from  a 
number  of  initial  pressures,  and  can  state  that  the  posi- 
tion of  the  minimum  varies  slightly  with  the  pressure 
P  around  the  value  0.58P. 

x 
Taking  the  square  root  of  the  quantity  1000  jy^  and 

forming  the  ratio  of  this  square  root  to  its  smallest 
value,  we  obtain  a  quantity  which  we  may  call  R,  which 
will  be  proportional  to  the  diameters  or  radii  of  a  noz- 
zle of  circular  cross-section  of  proper  shape  to  discharge 
the  steam.  The  values  of  R  are  written  in  the  last 
column  of  the  table.  Plotting  as  abscissae  either  p  or 
some  function  of  p,  for  example  log  p,  and  as  orclinates 
the  value  of  R,  we  can  represent  the  longitudinal  pro- 
file of  nozzles  for  the  flow  of  steam.     Fig.  2  gives  this 
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curve  by  which  the  nozzles  of  steam  turbines  can  be 
calculated  rapidly  for  each  particular  case. 

This  curve  is  utilized  in  the  following  manner.  Hav- 
ing the  initial  pressure  P  and  the  final  pressure  p  to 
which  the  steam  is  required  to  expand,  we  take  from 
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Olog  P 


the  curve  the  ordinate  corresponding  to  the  abscissa  in- 

dicated  by  the  value  of  the  ratio  j>.    This  ordinate  is 

then  the  radius  of  the  final  section  of  the  nozzle,  the 
section  at  the  throat  having  the  minimum  ordinate  of 
the  curve  as  its  radius. 

It  is  true  the  curve  will  be  slightly  different  for  differ- 
ent initial  pressures,  but  for  the  needs  of  practice  the 
variation  can  be  neglected. 

6.  Practical  Formula  for  Discharge. — When  the  nozzle 
is  convergent  and  the  final  pressure  p  is  less  than  0.58P 
the  discharge  depends  only  on  P,  because  then  the  pres- 
sure p  at  the  mouth  of  the  nozzle  is  always  equal  to 
0.58P.      Calculating  the  discharge  W  per  unit  area  of 
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the  mouth  of  the  nozzle,  or  calculating  the  ratio 


W 
P' 


which  varies  little,  we  find  results  such  as  are  indicated 
in  the  following  table. 

W 

Table  of  the  Theoretical  Values  of  —. 


p 

V 

• 

r+     6 
T      2T-0 

V           D 

X 

DV 
\0x 

w 
p 

kg/cm2 

10 

5 

2 

1 

kg/cm2 
5.8 
2.9 
1.16 
0.58 

degrees 
22.258 
19.337 
16.310 
14.459 

1.0875 
1.2028 
1.3530 
1.4639 

m/sec   1  kg/m3 
449 .19  3. 0570 
439.85  1.5950 
428.42  0.6738 
420.04  0.3507 
1 

0.9650 
0.9650 
0.9670 
0.9697 

142.30 
72.70 
29.85 
15.19 

14. :3 

14.54 
14.92 
15.19 

w 

The  theoretical  formula  -p-  =  15.20  —  0.96  log  P  gives  the  same  figures  as 
in  the  last  volume  to  within  about  unity  in  the  last  order 

In  order  to  ascertain  the  relation  between  the  value  of 

this  ratio  and  the  pressure  we  may  plot  as  abscissae,  not 

lengths  proportional  to  P,  but  lengths  proportional  to  log. 

W 
P,  and  as  ordinates  the  values  of  the  ratio  -p-  obtained 

from  Regnault's  tables.  The  points  thus  obtained 
range  themselves  almost  exactly  on  a  straight  line  from 
the  value  P  =  l  kilogramme  per  centimetre  to  P  =  13 
kilogrammes  per  square  centimetre.  The  digressions 
do  not  exceed  one-tenth  of  one  per  cent,  as  will  be  seen 
by  the  curve  on  Plate  II,  where  the  points  calculated 
from  theory  are  marked  by  dots  surrounded  by  circles. 
We  can  then  write  the  following  very  simple  empirical 
formula: 

J  =  a-MogP (7) 
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a  and  6  being  two  constants  for  which  the  best  values 
are  a  =  15.20  and  6  =  0.96,  the  discharge  being  given  as 
before  in  grammes  per  second  per  square  centimetre 
of  the  mouth  of  the  nozzle. 
This  formula  can  also  be  replaced  by  the  following, 

to  which  it  is  practically  equivalent  in  practice  (  -  being 

small) : 

W=aP' -b-\oge, (8) 

e  being  the  base  of  the  natural  logs,  or  in  figures 

Tf  =  15.20P0-9725 (9) 

This  is  the  form  in  which  the  formula  is  given  by  Gras- 
hof.  (Grashofs  formula  is  T^  =  15.26P°-9725  when  the 
coefficient  of  discharge  is  equal  to  unity.1) 

In  practice  the  first  form  is  the  most  convenient  and 
is  the  one  I  have  recommended. 

We  will  see  that  our  experiments  lead  to  slightly 
increasing  the  coefficient  15.20  and  bring  it  to  exactly 
the  value  15.26  adopted  by  Grashof. 

EXPERIMENTS. 

7.  Previous  Experiments. — Previous  to  the  work 
which  I  now  publish  and  of  which  the  complete  re- 

1  In  certain  German  works  a  formula  is  given  as  Grashofs 
in  which  the  coefficient  is  a  little  smaller  than  15.26  (by  about 
1%)  in  order  to  allow  for  the  contraction  of  the  jet. 
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suits  are  given,  we  possessed  several  series  of  experi- 
ments on  the  flow  of  steam;  especially  in  France  those 
of  Minary  and  R6sal  in  1861 ; x  and  more  recently 
those  of  M.  H.  Parenty  in  1891  2;  in  America  those  of 
Napier  in  1866  3;  then  those  of  Peabody  and  Kun- 
hard  in  1888  and  1890/  and  Miller  and  Read  in  1895  5; 
in  England  the  experiments  made  quite  recently  by 
Rosenhain  in  1899.6  All  these  authors  have  used  the 
same  method,  consisting  in  condensing  the  steam  after 
it  has  passed  through  the  nozzle  under  test  in  a  surface 
condenser,  and  then  weighing  the  water  thus  condensed 
during  a  certain  lapse  of  time. 

This  method,  which  may  be  called  the  direct  method, 
presents  many  inconveniences,  however. 

Firstly:  One  cannot  operate  on  large  nozzles  without 
difficulty  because  a  very  large  condenser  is  necessary 
for  the  experiments,  and  it  is  desirable  to  employ  large 
nozzles — first,  because  then  we  approach  the  condi- 
tions of  practice,  and,  second,  the  effect  of  friction 
and  the  thermal  influence  of  the  walls  are  reduced. 

Secondly:  The  duration  of  a  series  of  experiments  is 
unavoidably  long,  since  for  each  measurement  it  is 
necessary  to  wait  until  a  considerable  quantity  of  water 


1  Annates  des  Mines,  5th  serie,  Vol.  IX. 

2  Annates  de  Chimie  et  de  Physique,  May  1896. 

3  On  the  Velocity  of  Steam  and  Other  Gases.     Spon,  1896. 

4  American  Society  of  Mech.  Eng.,  1890. 

5  Technology  Quarterly  of  Boston,  1895,  Vol.  VIII. 

6  Experiments  on  Steam-jets  (Pro.  of  Civil  Eng.,  1900). 
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has  been  condensed,  which  involves  each  trial  lasting 
ten  to  fifteen  minutes. 

Thirdly:  The  method  is  not  very  precise  because  of 
the  incessant  variation  of  the  steam-pressure.  It  is 
'very  difficult,  in  fact,  to  maintain  the  pressure  of  a 
boiler  practically  constant  during  some  ten  minutes, 
and  the  variations  are  reproduced  at  the  nozzle.  This 
involves  taking  averages,  which  complicates  the  experi- 
ment and  renders  it  less  precise. 

Fourthly  and  finally:  The  entrained  moisture  is 
weighed  in  addition  to  the  steam  discharged,  and  con- 
sequently the  measurement  is  falsified  by  a  correspond- 
ing quantity  nearly  equal  to  the  proportion  of  water, 
so  that  results  obtained  by  this  method  are  generally 
too  large.  For  example,  on  the  diagram  in  Plate  II 
some  of  ResaFs  results  are  plotted  (by  triangles),  and 
it  will  be  seen  that  they  are  about  3  per  cent  too 
high.  Those  of  Rosenhain  and  other  authors  give 
similar  results. 

8.  Actual  Experiments. — To  avoid  these  sources  of  error 
all  readings  should  be  completed  in  a  very  short  interval 
of  time,  as  soon  as  the  steady  state  of  flow  is  properly 
established.  The  experiments  can  then  be  made  rapidly 
and  precisely.  I  achieved  this  result  by  the  application 
of  a  new  and  indirect  method  consisting  in  condensing 
the  steam  discharged  by  the  nozzle  in  a  current  of 
very  cold  water  and  at  the  same  instant  measuring  the 
total  discharge  of  water  and  the  rise  in  its  temperature. 
This  method  is  founded  on  the  use  of  an  ejector  con- 
denser.    The  total  quantity  of  water  flowing  after  con- 
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densing  the  steam  was  ascertained  by  discharging  the 
water  through  a  conical  nozzle  under  a  head  which 
could  be  accurately  measured.  Knowing  the  total 
quantity  discharged  Q  and  the  rise  of  temperature,  the 
weight  of  steam  discharged  X  is  deduced  from  the 
specific  heat  C  and  the  total  heat  of  formation  of  steam 
X  by  the  formula 

C8 

x^i^cra ^ 

tQ  being  the  initial  temperature  of  the  water. 

The  advantages  of  this  method  are  evident.  The 
duration  of  each  individual  test  did  not  exceed  two  to 
three  minutes.  The  steady  state  was  established  in 
about  a  minute,  and  when  all  the  instruments  had 
reached  a  stable  condition  the  reading  of  their  indica- 
tions was  made  in  a  few  seconds.  The  conditions  of 
pressure  were  then  changed,  and  so  on.  The  accuracy 
of  the  experiments  I  estimate  as  follows: 

9.  Estimation  of  the  Precision  of  the  Measurements. 
— The  increase  of  temperature  was  on  the  average 
about  20°  C,  and  the  measurement  of  each  of  the  initial 
and  final  temperatures  in  the  ejector  condenser  were 
made  to  within  one  twentieth  of  a  degree,  which  gave 
a  mean  error  of  1  in  400.  As  I  shall  show  later,  how- 
ever, a  cause  of  error  was  always  present  which  was 
quite  important;  namely,  the  displacement  of  the  zero 
of  the  thermometer  on  the  discharge  side  of  the  con- 
denser during  the  course  of  the  measurements.  This 
displacement  reached  about  two  tenths  of  a  degree, 
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being  nearly  1  per  cent,  or  one  half  of  1  per  cent,  above 
or  below  the  mean.  The  initial  and  final  pressures  were 
obtained  by  different  gauges.  At  first  metallic  gauges 
were  used  and  afterwards  a  mercury  manometer  pro- 
vided with  three-way  cocks  which  allowed  of  the 
branches  being  placed  in  communication  either  with 
the  atmosphere  or  with  the  interior  of  the  pipes,  when 
the  pressure  or  the  difference  of  pressures  did  not 
exceed  1  kilogramme  per  square  centimetre.  I  was 
thus  able  to  measure  by  this  mercurial  manometer 
either  the  initial  or  final  pressures  or  their  difference. 
The  principal  reading,  that  of  the  initial  pressure  P, 
was  ordinarily  made  by  means  of  a  large  Bourdon 
gauge  especially  constructed  for  my  experiments  and 
reading  to  T-J~o  of  a  kilogramme,  which  for  5  kilo- 
grammes mean  pressure  corresponds  to  a  mean  ap- 
proximation of  0.2  per  cent.  The  mean  head  H  on 
the  nozzle  for  measuring  the  water  discharged  was 
about  450  millimetres.  As  the  error  of  reading  was 
less  than  \  millimetre,  the  error  in  calculating  the 
discharge  could  not  exceed  an  average  of  one  in  1800. 
The  coefficient  of  discharge  of  the  nozzle  was  pre- 
viously tested.  The  error  which  could  enter  into 
this  determination,  which  will  be  described  later  on, 
was  a  few  thousandths  at  the  most. 

The  diameter  of  the  steam-nozzles  was  obtained  with 
great  precision  by  means  of  mandrels  calibrated  to  T^ 
of  a  millimetre.  As  the  mean  diameter  was  15  milli- 
metres, the  error  in  the  diameter  could  attain  1  in  1500, 
or  in  the  area  1  in  750. 
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A  cause  of  error  which  was  very  difficult  to  eliminate 
was  the  expansion  of  the  nozzles  while  the  steam  was 
passing  through  them.  While  the  coefficient  of  expan- 
sion of  the  bronze  was  known  to  be  1  in  600,  the  tem- 
perature at  the  end  of  the  nozzle  could  not  be  ascer- 
tained exactly,  but  it  could  be  estimated  certainly  to 
within  40  degrees,  and  this  was  sufficiently  close,  be- 
cause the  resulting  error  was  then  less  than  1  in  1500 
in  the  diameter,  or  1  in  750  in  the  area. 

To  sum  up,  then,  all  the  individual  errors  of  the 
different  readings,  that  due  to  the  displacement  of  the 
zero  of  the  thermometer  at  the  discharge  excepted,  are 
of  the  order  of  one  to  three  one-thousandths.  Added 
together  they  would  give  a  total  accidental  error  in  the 
calculated  results  exceeding  1  per  cent,  but  taking  one 
with  another,  the  mean  error  would  be  probably  not 
more  than  a  few  thousandths. 

Two  sources  of  error  must  be  examined  which  are 
inseparable  from  the  method  adopted:  firstly,  the 
entrained  moisture,  and,  secondly,  the  effect  of  radia- 
tion from  the  apparatus. 

Regarding  the  entrained  water  it  should  be  remarked 
that  our  method  avoided  this  cause  of  error  as  far  as 
possible.  Because  if  there  were,  for  example,  1  per 
cent  of  entrained  moisture,  this  quantity  would  tend 
to  reduce  slightly  the  velocity  of  discharge  of  the  steam 
passing  through  the  orifice,  and  consequently  to  dimin- 
ish the  total  quantity  flowing  per  second.  But,  on  the 
other  hand,  some  of  the  heat  contained  in  this  water 
will  be  given  up  to  the  water  leaving  the  condenser 
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and  replace  part  of  the  heat  lost  by  the  reduction  of  the 
flow  of  steam;  so  that,  finally,  if  the  calculation  be 
made,  it  is  found  that  the  actual  deficit  of  heat  will 
be  only  about  half  that  corresponding  to  the  propor- 
tion of  water.  This  method,  then,  even  if  it  does  not 
eliminate  the  influence  of  the  entrained  water  com- 
pletely, reduces  that  influence  by  one  half;  and  further, 
the  error  is  in  the  opposite  direction  to  that  produced 
in  the  surface-condenser  method.  In  place  of  adding 
to  the  discharge  it  decreases  it. 

But  I  arranged  to  avoid  entrained  moisture  as  far 
as  possible,  and  also  to  measure  its  amount.  A  sepa- 
rator was  placed  in  the  steam-supply  pipe  just  before 
the  nozzle,  and  between  this  separator  and  the  nozzle 
a  sample  of  the  steam  was  taken  which  was  analyzed 
in  an  apparatus  especially  designed  for  this  object, 
which  permitted  the  moisture  in  the  steam  to  be  meas- 
ured. In  practice  I  never  had  more  than  two  to  three 
one-thousandths  of  water  in  the  steam  after  passing  the 
separator,  so  that  the  error  in  the  measurements  caused 
by  the  entrainment  of  water  should  be  less  than  fifteen 
ten-thousandths. 

As  to  the  effect  of  radiation,  though  the  apparatus 
was  not  lagged,  this  was  relatively  very  small  because 
of  the  large  discharge  of  steam.  In  order  to  ascertain 
the  importance  of  the  loss  of  heat  by  radiation,  I  passed 
a  small  current  of  steam  at  atmospheric  pressure  through 
the  apparatus  and  weighed  the  water  condensed  by 
the  cooling  action  of  the  walls.  The  quantity  thus 
obtained  was  2.3  kilogrammes  per  hour.     As  the  mean 
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temperature  of  the  parts  exposed  to  radiation  between 
the  steam-nozzle  and  the  discharge  thermometer  was 
generally  much  less  than  100°  C.  during  the  experi- 
ments, it  may  be  admitted  that  the  radiation  was  less 
than  0.6  kilogrammes  per  horn,  while  the  discharge 
was  on  the  average  500  kilogrammes,  or  a  loss  of  twelve 
ten-thousandths  at  the  most.  Finally,  it  may  be 
observed  also  that  the  influence  of  radiation  has  the 
same  effect  as  the  entrained  moisture  and  could  cause 
only  a  deficit  in  the  calculated  quantity  of  steam, 
while  we  shall  see  that  the  experimental  results  give 
somewhat  larger  figures  for  the  discharge  than  those 
calculated  theoretically  from  Regnault's  tables. 

A  difficulty  arose  in  measuring  the  water  discharged 
on  account  of  the  air  contained  in  it.  This  air,  at  first 
dissolved  in  the  water,  is  set  free  under  the  influence 
of  the  vacuum  in  the  condenser  and  remains  in  this 
state  up  to  the  nozzle  used  for  measuring  the  water, 
so  that  if  precautions  were  not  taken  the  discharge 
from  this  nozzle  would  be  a  mixture  of  water  and  air. 
Under  these  conditions  measurements  of  the  quantity 
of  water  discharged  would  have  been  erroneous.  This 
difficulty  was  overcome  as  shown  in  Plate  I  by  arrang- 
ing a  separator  in  the  tank  below  the  water-nozzle  by 
means  of  which  the  air  was  disengaged  and  carried  to 
the  upper  portion  of  the  tank,  where  it  was  discharged 
through  a  small  nozzle  three  millimetres  in  diameter, 
which  permitted  of  its  being  measured.  The  water 
discharged  by  the  principal  nozzle  was  then  quite  clear 
and  free  from  air. 
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10.  Arrangement  of  the  Apparatus.  —  The  experi- 
ments were  made  during  the  winter  of  1895-96  at  St. 
Etienne,  in  the  factory  of  Bietrix  &  Company,  who 
obligingly  placed  at  my  disposal  a  boiler  capable  of 
giving  1000  kilogrammes  of  steam  per  hour  at  a  pres- 
sure of  15  kilogrammes  per  square  centimetre.  The 
experiments  were  made  in  winter  so  as  to  be  able  to 
use  cold  water  at  a  temperature  of  about  6°  C.  and  ob- 
tain a  rise  of  40°  to  50°  C. 

Three  convergent  nozzles  were  tested  successively, 
then  an  orifice  in  a  thin  plate;  finally  we  tested  a  con- 
vergent-divergent nozzle.  The  convergent  nozzles  are 
shown  in  Plate  II.  They  had  a  final  diameter  of  10.49 
millimetres,  16  millimetres,  and  24.20  millimetres  respect- 
ively. The  thin-plate  orifice,  also  shown  in  Plate*  II, 
had  a  diameter  of  20.12  millimetres. 

In  order  to  make  all  the  necessary  readings  the 
arrangement  of  apparatus  was  somewhat  complicated. 
It  is  represented  in  perspective  at  the  left  and  diagram- 
matically  at  the  right  of  Plate  I. 

T  is  the  nozzle  under  test  arranged  in  the  joint  /  be- 
tween the  steam-supply  pipe  N  and  the  exhaust-pipe  B. 

The  supply-pipe  N  had  an  inside  diameter  of  60 
millimetres.  The  exhaust-pipe  D  (inside  diameter  120 
millimetres)  was  fitted  with  a  plate  p  forming  a  screen 
for  the  current  of  steam  leaving  the  nozzle  so  as  to 
break  up  the  jet. 

A  is  the  ejector  condenser.  The  condensing  water 
enters  by  the  pipe  C  and  leaves  by  the  pipe  D. 

S  is  the  water-nozzle  of  the  condenser.     The  distance 
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between  it  and  the  throat  of  the  condenser  could  be 
varied  by  the  handle  g.  By  means  of  this  nozzle  the 
current  of  steam  entering  the  condenser  could  be  throt- 
tled. 

K  is  a  cock  on  the  steam-supply  pipe  operated  by 
the  handle  18.  This  cock  enabled  the  initial  pressure 
at  the  nozzle  to  be  varied  at  will,  while  the  back  pres- 
sure could  be  varied  similarly  by  the  condenser-nozzle 
S. 

J  is  a  centrifugal  separator.  The  separated  water 
is  discharged  by  the  cock  1  and  the  pipe  2. 

L  is  the  apparatus  for  measuring  the  moisture  remain- 
ing in  the  steam.  The  description  of  this  apparatus 
is  given  in  Annales  des  Mines.1  It  is  composed  of  a 
coil  4  heated  by  a  flame  5,  and  a  combining-chamber  6. 
The  sample  of  steam  obtained  by  the  cock  3  is  separated 
into  two  equal  portions.  One  half  goes  directly  to 
the  combining-chamber,  while  the  other  is  superheated 
in  the  coil  4.  The  mixture  is  discharged  by  the  regulat- 
ing angle-valve  9. 

The  superheat  in  the  half  passing  through  the  coil  4 
is  measured  by  the  thermometer  t3,  and  the  superheat 
of  the  mixture  by  the  thermometer  t2.  The  pressure  in 
the  chamber  is  observed  by  the  gauge  M3.  The  moist- 
ure in  the  steam  is  obtained  from  the  readings  of  these 
two  thermometers  and  the  gauge. 

E  is  a  sheet-iron  tank  in  which  the  air  is  separated 

1  A..  Rateau.  Appareils  servant  a  mesurer  Thumidite  d'une 
vapeur.     Annales  des  Mines,  April  1897. 
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from  the  hot  water  leaving  the  condenser.  This  tank 
is  divided  about  the  middle  by  a  semicircular  baffle  13 
under  which  the  air  collects.  The  bubbles  rise  to  the 
upper  part  of  the  tank  by  the  pipe  14,  and  the  air  flows 
into  the  atmosphere  by  the  small  nozzle  /.  The  pres- 
sure of  discharge  of  the  air  is  measured  by  the  water- 
gauge  19. 

F  is  the  nozzle  for  measuring  the  discharge  of  water. 
It  has  a  final  area  of  10.99  square  centimetres  at  15°  C. 
The  head  under  which  the  flow  takes  place  is  measured 
by  the  water-gauge  hh.  Adjacent  to  this  gauge  is  a 
thermometer  t5  by  which  the  temperature  of  the  gauge 
could  be  measured  and  the  density  of  the  water  de- 
duced. 

G  is  a  barrel  having  a  capacity  of  350  litres  into  which 
the  water  is  discharged  by  the  nozzle  and  serves  to 
calibrate  the  nozzle.  The  barrel  is  provided  with  a 
glass  tube  KK,  allowing  the  exact  level  of  the  water  to 
be  ascertained.  Further,  a  baffle  17,  arranged  in  the 
arc  of  a  circle,  receives  the  jet  of  water  in  a  thin  film  so 
that  it  falls  into  the  barrel  without  shock  and  without 
disturbing  the  surface  of  the  water. 

Mlf  M2,  M3  are  the  pressure-gauges  for  measuring 
the  initial  and  final  pressures  at  the  steam-nozzle  T. 

The  mercury  manometer  is  shown  at.  cd.  One  of  the 
branches  c  communicates  with  either  the  high-pressure 
side  of  the  nozzle  or  the  atmosphere  by  means  of  the 
three-way  cock  11;  the  other  branch  d  communicates 
with  either  the  atmosphere  or  with  the  discharge  side 
of  the  nozzle  by  the  three-way  cock  10.     By  means 
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of  these  three-way  cocks  the  initial  or  final  pressures 
or  the  difference  between  them  could  be  measured  as 
the  case  required.  In  addition  the  barometric  height 
and  the  temperature  of  the  surrounding  air  were  care- 
fully observed  so  as  to  obtain  the  absolute  value  of 
the  readings  of  the  manometer. 

The  temperatures  t0  and  tx  of  the  current  of  water  before 
and  after  passing  through  the  condenser  were  measured 
by  the  thermometers  e  and  /.  These  mercury  ther- 
mometers were  graduated  to  twentieths  of  a  degree 
and  were  previously  compared  very  carefully  with  a 
Baudin  standard  thermometer.  I  also  reduced  the 
scale  to  that  of  the  air-thermometer,  so  that  with  the 
exception  of  the  displacement  of  the  zero,  regarding 
which  I  will  speak  immediately,  all  temperatures  are 
given  to  within  one  twentieth  of  a  degree  less,  or  one 
tenth  of  a  degree  more,  than  the  scale  of  the  air-ther- 
mometer. 

ii.  Remarks. — Some  observations  are  necessary  on 
the  subject  of  measuring  the  principal  temperatures 
and  pressures. 

The  reading  of  the  pressure-gauges  presented  no 
difficulty.  For  pressures  below  10  kilogrammes  per 
square  centimetre  I  employed  the  standard  gauge  Mv 
and  for  pressures  above  this  the  standard  gauge  M2. 
But  the  management  of  the  mercury  manometer  offered 
some  difficulties.  The  steam  condensed  in  the  tubes 
above  the  mercury  and  formed  columns  of  water  often 
broken  up  with  air-bubbles,  and  the  reading  of  the 
manometer  had  to  be  corrected  for  these  broken  col- 
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unins  of  water.  On  account  of  this  the  readings  of  the 
mercury  manometer  were  not  always  as  exact  as  I 
could  have  wished.  When  the  columns  of  water  were 
not  discontinuous,  as  sometimes  happened,  the  cor- 
rection could  be  made  with  certainty. 

The  thermometers  e  and  /  were  plunged  in  small  iro  1 
wells  penetrating  into  the  interior  of  the  pipes  convey- 
ing the  water.  These  thermometer-cups  were  filled 
with  mercury,  so  that  the  transmission  of  heat  was 
very  rapid.  In  fact  the  reading  of  the  thermometers 
became  steady  in  a  few  seconds.  It  may  be  asked 
whether  these  thermometers  really  indicated  the  true 
mean  temperatures  of  the  water.  In  the  case  of  ther- 
mometer e,  placed  in  the  current  of  cold  water,  there 
can  be  no  doubt  that  this  was  so,  for  the  temperature  of 
the  cold  water  varied  very  little.  But  in  the  case  of 
thermometer  /,  plunged  in  a  current  of  water  which  was 
necessarily  but  little  homogeneous,  immediately  at  the 
outlet  from  the  ejector,  this  was  more  doubtful,  especially 
as  the  temperature  of  this  water  varied  greatly  from 
one  experiment  to  another.  I  think,  however,  that  the 
readings  of  these  temperatures  were  always  very  close 
to  the  true  mean,  because  on  putting  a  thermometer 
into  the  water  at  the  mouth  of  the  nozzle  F,  where 
the  temperature  had  evidently  become  uniform  through- 
out the  mass  of  water,  I  found  that  this  thermometer 
always  gave  the  same  reading  as  thermometer  /  to 
within  one  tenth  of  a  degree,  sometimes  more,  some- 
times less.  This  difference  may  be  attributed  to 
the    walls    of    the    tank    E    not    immediately    reach- 
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ing  their  steady  temperature  after  a  change  of  con- 
ditions. 

The  thermometers  used  were  made  of  ordinary  glass. 
I  had  them  carefully  compared,  as  I  said,  with  a  stand- 
ard Baudin  thermometer  to  obtain  the  necessary  cor- 
rections, if  possible,  to  one  twentieth  of  one  degree. 
Unfortunately  I  found  out  too  late  that  I  had  been 
wrong  in  not  using  a  good  thermometer  made  of 
hard  glass  for  measuring  the  temperature  of  the  hot 
water.  I  thought  that  up  to  50°  C.  the  displacement 
of  the  zero  occasioned  by  the  expansion  of  the  glass 
could  be  neglected.  I  found  that  it  was  not  so,  how- 
ever. 

My  first  calculations  having  disclosed  an  error  of 
more  than  1  per  cent  between  the  experimental  results 
and  the  theoretical  figures,  I  suspected  that  the  ther- 
mometer was  incorrect,  and  standardized  it  again  de 
novo.  I  found  that  its  zero  was  displaced  fully  two 
tenths  of  a  degree  when  it  was  subjected  to  a  tempera- 
ture of  50°,  which  was  sometimes  exceeded  in  my  ex- 
periments, and  that  the  zero  returned  to  its  original 
position  when  cold.  This  annoying  variation  in  the 
zero  was  sufficient  to  render  some  of  my  results  incor- 
rect by  over  1  per  cent. 

To  reduce  this  influence  to  a  minimum  I  ascertained 
the  mean  position  of  the  zero  due  to  the  changes  of 
temperature  during  several  successive  days.  Finding 
that  this  mean  differed  by  0.15°  from  that  which  I  had 
first  obtained,  I  corrected  all  my  results  by  this  amount. 
For  this  reason  the  chart  and  the  conclusions  given 
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here  for  the  formula  for  the  discharge  are  not  identical 
with  those  in  my  Rapport  sur  les  Turbines  a  Vapeur 
au  Congres  de  Mecanique  Applique,  1890. 1 

12.  Calibration  of  the  Water-nozzle. — The  deter- 
mination of  the  total  weight  of  water  discharged  de- 
pends upon  the  coefficient  of  discharge  of  the  water- 
nozzle.  Consequently  it  was  necessary  to  measure  this 
coefficient  with  the  utmost  possible  accuracy  at  the 
outset.  This  calibration  was  repeated  several  times. 
The  diameter  of  the  mouth  of  the  nozzle  was  37.4 
millimetres  at  15°  C. 

Two  glass  reference-marks  were  fixed  in  the  barrel 
into  which  the  water  was  discharged  by  the  nozzle, 
and  the  water  contained  in  the  barrel  between  these 
two  points  was  carefully  weighed.  At  an  interval  of 
two  months  the  weights  obtained  were  278.2  kilo- 
grammes and  278.05  kilogrammes  at  about  15°  C. ;  so 
that  the  error  to  be  allowed  for  in  this  measurement  was 
not  more  than  one  in  two  thousand. 

While  the  head  H  measured  by  the  water-gauge  hh 
remained  quite  constant,  the  time  required  to  fill  the 
barrel  between  these  two  marks  was  noted  with  a 
good  seconds  chronometer.  To  give  an  idea  of  the 
approximation  obtained  I  produce  below  the  calibra- 
tion measurements  made  on  the  27th  and  30th  of  Janu- 
ary, 1896.     (See  the  Table  below.) 

1  This  report  was  drawn  up  hurriedly  a  few  days  before  the 
Congress.  The  portion  relating  to  the  flow  of  steam  contains 
some  errors  which  are  rectified  here. 
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EXAMPLES  OF  THE  CALIBRATION  OF  THE  WATER- 
NOZZLE. 
Diameter  of  the  nozzle  37 A  mm.     Contents  of  tank  278. 5  litres. 


Temperature 
of  the  Water. 

Head, 
H. 

Tempera- 
ture t  of 

the  Water- 
manom- 
eter. 

Time  to 
Fill  Tank. 

Time 
reduced  to  Averae.es 
#  =  478      A^erages. 

mm. 

Co- 
efficient 
of  Dis- 
charge. 

Millirn. 

Seconds. 

Seconds.      Seconds. 

^       f  29.35° 

549 

22°  C. 

79.0 

84.6       I 

86:2   h85-2 

Ng  125.70 
§2  1  31.90 

560 

581 

17 
17 

79.6 

77.5 

0.9711 

"      [22.65 

562 

18 

78.2 

84.8      j 

©      [32 
M§  130 
§2?  1  29 

478 

19 

84.7 

84.7       1 

497 
466 

23 
16 

83.0 
86.0 

84.7 
84.9 

•84.75 

0.9763 

^      [29 

451 

21 

87.2 

84.6 

As  will  be  seen,  the  results  differ  by  a  few  thou- 
sandths. Regarding  the  management  of  the  chronom- 
eter, it  will  be  understood  that  it  was  difficult  to 
avoid  errors  of  \  second  which  correspond  to  a  relative 
error  of  three  thousandths  in  a  duration  of  about  80 
seconds. 

In  calculating  the  discharge,  I  adopted  the  mean 
coefficient  0.9750,  which  is  perhaps  a  little  high.  It 
is  astonishing  that  the  coefficient  of  discharge  reached 
a  value  so  close  to  unity;  but  that  was  the  result  of 
the  experiments,  and  it  was  necessary  to  take  the  coeffi 
cient  obtained. 

I  regret  very  much  that  I  did  not  replace  the  350- 
litre  barrel  by  a  much  larger  tank,  say  of  3  or  4  cubic 
metres  capacity,  so  that  the  discharge  could  have  been 
measured  for  some  ten  minutes.     I  would  then  have 
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obtained  an  approximation  certainly  to  one  one-thou- 
sandth. 

13.  Results  of  the  Experiments. — Three  convergent 
nozzles  were  tested  successively,  and  then  an  orifice  in 
a  thin  plate.  The  nozzles  and  the  orifice,  which  were 
of  bronze,  are  represented  to  scale  in  Plate  II.  The 
convergent  nozzles  had,  as  I  have  already  said,  a  diam- 
eter at  the  mouth  of  10.49  millimetres,  15.19  milli- 
metres, and  24.20  millimetres,  respectively,  at  15°  C. 
The  thin-plate  orifice  had  a  diameter  of  20.12  milli- 
metres at  15°  C.  These  diameters  were  measured  with 
great  precision  to  0.01  millimetre,  and  the  orifices  were 
previously  corrected  by  passing  calibrated  mandrels 
through  them  so  as  to  render  them  as  perfectly  circular 
as  possible. 

The  results  of  the  experiments  and  the  calculations  are 
given  in  the  tables  attached  to  this  paper.  The  ex- 
periments are  numbered  1  to  152 ;  eleven  have  not  been 
transcribed  because  they  appear  to  me  to  contain  very 
large  accidental  errors.  These  are  numbered  9,  38,  56, 
57,  58,  61,  82,  83,  84,  91,  and  92;  number  47  may  also 
be  omitted. 

The  first  column  of  the  tables  gives  the  number  of 
the  experiment.  Columns  2  and  3  are  the  absolute 
initial  and  back  pressures.  These  figures  are  corrected 
from  the  observed  readings  and  represent  the  true 
values.  For  example,  a  small  quantity,  about  0.01 
kilogramme,  due  to  the  velocity  of  the  steam  in  the 
supply-pipe,  has  been  added  to  the  initial  pressure  as 
indicated  by  the  gauge.     The  gauge  reading  is  due  to 
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the  static  pressure  only,  while  the  true  initial  pressure 
on  the  nozzle  is  the  sum  of  the  dynamic  pressure  and  the 
static  pressure. 

Column  5  gives  the  head  H  on  the  axis  of  the  water- 
nozzle,1  and  the  figures  correspond  to  the  temperature 
of  the  water  flowing  through  the  nozzle. 

Columns  6  and  7  indicate  the  temperatures  t0  and 
tt  before  and  after  the  ejector  condenser.  As  I  have 
explained  above,  these  are  reduced  to  the  readings  of 
the  air-thermometer.  The  difference  between  these 
figures  gives  the  rise  in  temperature  tt— 10  of  the  water 
(column  8). 

The  volume  of  water  discharged  was  obtained  by 
the  formula 


Q=KSV2gH, (11) 

where  Q  =  cubic  centimetres  per  second, 

£  =  area  of  the  nozzle  in  square  centimetres, 
i£  =  coefficient  of  discharge  =  0.975, 
i7  =  head  in  centimetres. 
The  area  S  of  the  nozzle  is  corrected  for  expansion 
at  the  temperature  of  the  current  of  hot  water.      The 
weight  discharged  in  kilogrammes  per  second  is  written 
in  column  9. 

The  quantity  of  steam  flowing  per  second  is  then 
calculated  by  means  of  the  total  discharge  of  water 
and  from  the  temperatures  t0  and  tv  Calling  X  the 
total  heat  of  the  steam  above  0°  C,  and  C  the  mean 

1  This  was  a  brass  nozzle. 
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specific  heat  of  the  water  between  the  temperatures 
t0  and  tt1  X  the  weight  of  steam  discharged  per  second 
by  the  nozzle,  and  Q—X  the  quantity  of  injection  water 
supplied  to  the  condenser,  the  water  resulting  from 
the  condensation  of  the  steam  being  at  the  tempera- 
ture tly  then  the  quantity  of  heat  given  up  by  the 
steam1  H  =  X(X—Ct1),  while  the  quantity  of  water 
Q  —  X  is  heated  from  ^to^and  absorbs  (Q—X)C(tl—t0) 
heat  units.     We  have  then  the  following  equation: 

whence 

where  d=t1—t0. 

The  quantity  of  heat  A  is  given  by  the  formula  or 
by  Regnault's  Tables,  and  the  specific  heat  C  of  the 
water  is  given  by  the  well-known  expression 

£=1  +  0.4^-0.9^. 

The  steam  discharged,  calculated  in  this  manner, 
expressed  in  grammes  per  second,  is  given  in  column  10 
of  the  tables. 

Dividing  by  the  area  of  the  nozzle,  we  have  the  dis- 
charge per  square  centimetre  in  column  11. 

1  During  the  expansion  of  the  steam  in  the  nozzle  a  certain 
quantity  of  heat  is  transformed  into  mechanical  energy,  but 
this  quantity  is  immediately  and  entirely  given  back  again 
by  the  destruction  of  the  kinetic  energy  of  the  jet,  so  that 
it  is  quite  correct  to  take  X(X  —  CQ  as  the  quantity  of  heat 
given  up  by  the  steam. 
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A  remark  is  necessary  here.  What  value  should  be 
taken  for  the  area  of  a  nozzle?  The  diameter  I  have 
given  is  measured  cold  (15°  C),  while  under  the  action 
of  the  current  of  steam  the  nozzle  becomes  heated  and 
expands.  It  is  impossible  to  know  exactly  what  to 
take  for  the  temperature  of  the  walls,  because  the  cur- 
rent of  steam  has  a  varying  pressure  and  also  a  varying 
temperature  during  its  passage  through  the  nozzle; 
and  further,  the  walls  are  subjected  to  different  tem- 
peratures at  different  points.  It  seems  to  me  to  be 
useless  to  try  to  calculate  the  true  temperature  of 
the  nozzle  in  each  experiment. 

I  adopted  finally  a  mean  temperature  of  120°  C.  and 
based  the  calculations  on  the  diameters  corresponding 
to  this  temperature.  This  is  one  of  the  difficulties  of 
these  researches  on  the  flow  of  steam  and  also  on  the 
flow  of  gases.  To  eliminate  this  cause  of  error  entirely, 
it  would  be  advantageous  to  employ  metals  having  a 
very  small  coefficient  of  expansion,  such  as  the  new 
alloys  of  iron  and  nickel.  When  my  experiments  were 
made,  however,  these  alloys  were  not  yet  known.  It 
is  unnecessary  to  give  too  much  importance  to  this 
cause  of  error.  The  variation  of  temperature  of  the 
nozzle  did  not  differ  by  more  than  about  40°  C.  from 
the  mean  temperature  adopted  (120°  C),  and  for  bronze 
40°  corresponds  to  a  linear  expansion  of  one  in  fifteen 
hundred,  so  that  the  error  in  the  area  did  not  exceed  1 
in  750,  or  but  little  more  than  one  tenth  of  one  per  cent. 

Finally,  the  last  column  of  the  table  gives  the  ratio 
of  the  discharge  of  steam  IT'  to  the  initial  pressure  P 
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when  p  is  less  than  0.58P;   or  the  ratio  of  the  actual 
discharge  W  to  the  maximum  discharge  Wm  when  the 

ratio  -p   is  greater   than  0.58.     These   two   cases   are 

always  distinguished  in  the  tables,  because  in  the  first 

case  the  discharge  depends  on  the  initial  pressure  P 

which  is  constant  (as  is  p),  while  in  the  second  case  it 

depends  on  the  back  pressure  also. 

We  will  now  examine  the  results  of  the  experiments 

and  compare  them  with  those  given  by  theory. 

W 
14.  Convergent   Nozzles. — The    ratio   -5-    varies   but 

slightly.  It  oscillates  about  the  value  15.  A  very 
clear  chart  can  be  made  by  plotting  as  ordinates  the 
value  of  this  ratio,  as  is  done  on  Plate  II,  where  I  have 
taken  as  abscissae  the  logarithm  of  the  initial  pressure. 
This  graphic  representation  is  very  satisfactory  because 
the  origin  of  the  coordinates  is  a  long  way  off  the 
paper,  so  that  variations  of  only  1  per  cent  correspond 
to  a  relatively  large  height.  To  give  an  idea  of  the 
amplification  of  the  ordinates,  I  have  drawn  the  lines 
ab  and  a'bf  corresponding  to  a  difference  of  1  per  cent 
above  and  below  the  theoretical  line  AB.  It  will  be 
seen  that  the  majority  of  the  points  lie  above  the 
theoretic  line  AB.  Only  a  few  points  are  more  than 
2  per  cent  away  from  this  line.  If  the  mean  distance 
of  the  experimental  points  from  the  theoretical  curve 
be  taken  for  each  nozzle,  the  following  results  are 
found: 
For    the    nozzle    10.49    millimetres    diameter    (21 
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experiments)  the  mean  departure  is  1.17  per  cent 
high. 

For  the  nozzle  15.19  millimetres  diameter  (19  ex- 
periments) the  mean  departure  is  0.69  per  cent  high. 

For  the  nozzle  24.20  millimetres  diameter  (19  ex- 
periments) the  mean  departure  is  0.25  per  cent  high. 

These  are  very  small  differences  and  clearly  show  the 
satisfactory  agreement  between  the  experiments  and 
theory. 

If  the  curve  for  the  mean  results  of  the  experiments 
be  plotted,  it  will  be  seen  that  it  follows  the  direction  of 
the  theoretical  curve  closely,  but  is  a  few  thousandths 
above  it.  This  difference  between  experiment  and 
theory  can  be  accounted  for  by  several  causes. 

First  of  all,  in  the  theoretical  calculations  I  have 
taken  the  mechanical  equivalent  of  the  calorie  as  425. 
This  is  a  little  low,  as  is  now  recognized.  Now  E*  enters 
into  the  expression  for  the  speed  of  the  steam.  If  428 
be  taken  instead  of  425,  the  figures  for  the  theoretical 
discharge  will  be  increased  by  0.35  per  cent,  and  the 
mean  difference  between  experiment  and  theory  will 
not  be  more  than  0.35  per  cent. 

Further,  we  have  seen  that  the  calibration  of  the 
water-nozzle  was  not  as  accurate  as  could  have  been 
wished;  perhaps  a  certain  error  is  to  be  feared  there. 
I  do  not  believe  that  it  exceeds  0.3  per  cent. 

Finally  there  was  a  displacement  of  the  zero  of  the 
thermometer  measuring  the  temperature  of  the  hot 
water.  This  is  certainly  the  most  important  source  of 
error,     I  stated  above  that  I  was  led  to  modify  the 
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first  standardization  by  0.15°  after  having  carefully 
observed  the  variations  of  the  thermometer.  Never- 
theless it  may  be  that  the  mean  position  of  the  zero  dur- 
ing the  experiments  was  slightly  different  from  that 
which  I  finally  adopted.  An  error  of  less  than  one 
tenth  of  a  degree  would  be  sufficient  to  account  for 
the  remaining  error  of  0.35  per  cent. 

I  have  indicated  on  the  chart  the  points  correspond- 
ing to  the  old  experiments  by  Minary  and  Resal.  These 
points  are  surrounded  by  a  triangle;  one  of  them  has 
not  been  plotted,  as  it  is  outside  the  limits  of  the  figure. 
It  appears  that  these  experiments  gave  very  much 
larger  results  than  ours,  which  is  explained,  as  I  have 
already  remarked,  by  the  method  employed  not  al- 
lowing of  a  correction  being  made  for  the  effect  of  the 
entrained  moisture.  The  error  reaches  5.2  per  cent 
and  averages  2.5  per  cent. 

Similarly  Rosenhain's  experiments  on  nozzle  No.  4 
give  an  error  reaching  3  to  4  per  cent. 

We  shall  see  shortly  in  analyzing  Hirn's  experiments 
on  the  flow  of  air  that  he  had  the  same  trouble  with 
that  fluid. 

Thus  there  is  a  satisfactory  agreement  between  ex- 
periment and  theory,  but  the  experimental  discharge 
appears  to  be  a  little  larger  than  what  we  should  expect 
from  theory. 

Should  the  theoretical  formula  be  followed  in  practice, 
or  should  we  adopt  the  coefficients  given  by  the  pre- 
ceding experiments?  If  it  be  desired  to  use  the  theo- 
retical formula,  the  coefficient  must  be  taken  as  15.20 


3&  FLOW  OF  STEAM 

for  £  =  425,  or  15.25  for  #  =  428;  and  if  it  be  desired 
to  follow  experiment,  a  value  of  15.32  at  most  should 
be  taken  for  the  coefficient.  The  practical  formula 
then  will  be 

-^  =  15.20  to  15.32-0.96  log  P,    .     .     (13) 

within  the  limits  of  our  experiments;  that  is  to  say, 
between  P  =  1  and  P  =  12  kg.  per  square  centimetre. 

In  my  report  to  the  Congres  de  Mecanique  Applique 
I  gave  15.42,  which  resulted  from  a  summary  glance 
over  the  experiments,  as  the  first  term  of  the  second 
member  of  this  equation,  and  for  the  second  term 
—  log  P.  At  the  International  Congress  in  Glasgow  I 
suggested  the  value  15.20  resulting  from  the  theoreti- 
cal formula  in  which  E  is  taken  as  425.  These  are  the 
limiting  values  of  this  term.  I  estimate  that  the  most 
probable  actual  value  is  15.26  with  a  possible  error 
less  than  0.4  per  cent.  This  is  exactly  the  coefficient 
in  Grashof  s  formula  which  was  deduced  from  theory 
by  the  first  method  given  on  page  15.  Grashofs 
formula,  however,  gives  a  too  rapid  decrease  for  the 

W 

ratio  p-,  as  will  be  seen  from  the  figure  on  Plate  II,  where 

the  line  CD  corresponds  to  this  formula. 

The  value  of  the  coefficient  of  log  P  is  between  0.96 
and  unity.  At  first  I  always  took  imity  because  of 
the  simplification  which  results;  nevertheless  it  is 
better  to  take  0.96,  which  is  probably  more  exact  be- 
cause it  is  given  by  the  thermodynamic  calculation, 
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15.  Remarks. — The  agreement  between  experiment 
and  theory  to  less  than  1  per  cent  leads  to  the  conclu- 
sion that,  contrary  to  the  opinion  sometimes  stated, 
there  is  no  sensible  retardation  in  the  condensation  of 
the  steam.  In  fact  the  calculation  takes  into  account 
the  condensation  during  the  expansion,  and  the  pro- 
portion of  steam  condensed  when  the  pressure  has 
become  equal  to  0.58P  is  about  0.3  to  0.36  per  cent, 
depending  on  the  value  of  P.  Now  if  any  retardation 
in  the  condensation  occurred,  experiment  would  reveal 
a  deficit  amounting  to  0.3  per  cent  to  0.35  per  cent  in 
the  quantity  of  steam  discharged.  But  in  place  of 
a  deficit,  a  too  high  value  is  always  found  so  that  it 
may  be  concluded  that  if  there  is  any  retardation 
of  the  condensation  it  is  very  small,  of  the  order  of 
0.00001  of  a  second. 

On  the  other  hand  it  will  be  seen  also  that  the  co- 
efficient of  discharge  for  convergent  nozzles  of  the  form 
tested  by  me  is  very  close  to  unity  for  values  of  p  less 
than  0.58P,  since  the  experimental  discharge  is  always 
found  to  be  larger  than  the  theoretical.  A  similar  con- 
clusion results  from  Hirn's  experiments  on  air.  When 
p  is  greater  than  0.58P  this  is  not  the  case,  how- 
ever. 

Finally,  if,  conversely,  we  suppose  a  priori  that  the 
coefficient  of  discharge  is  unity,  then  the  value  of  E, 
the  mechanical  equivalent  of  the  calorie  which  will  make 
the  experimental  discharge  equal  to  the  theoretical, 
is  found  to  be  431,  which  differs  by  0.7  per  cent  only 
from  the  value  428  generally  adopted. 
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16.  Experiments  with  P  larger  than  0.58P. — When 
the  back  pressure  is  larger  than  0.58P  the  flow  depends 
not  only  on  the  initial  pressure  P,  but  also  on  the  back 
pressure  p.  The  results  can  be  best  represented  by- 
taking  the  ratio  of  the  actual  discharge  W  to  the  maxi- 
mum discharge  Wm,  which  occurs  when  the  back  pressure 

W 

is  less  than  0.58P.     This  ratio  -^ —  is  then  practically 

yy  m 

v 

independent   of   the   ratio   -p  of   the  pressures.     The 

points  can  be  plotted  on  cross-section  paper  and  the  curve 

W  v 

of  yrj—  as  a  function  of  -^  constructed. 

VV  m  ± 

For  the  experiments  where  p  was  larger  than  0.58P 
the  tables  give,  in  column  12,  the  theoretical  maximum 
discharge  Wm  calculated  by  the  formula  given  above: 


Wm =P(15.2G-  0.96 log  P),    .     .     .     (14) 

W 
and  in  column  13  the  ratio  ^-. 

rr  tn 

The  results  of  these  experiments  have  been  plotted 
in  this  manner  on  Plate  III,  the  results  for  each  of  the 
three  convergent  nozzles  experimented  on  being  differ- 
ently indicated. 

It  will  be  seen  that  the  points  fall  very  well  on  a 
curve  of  the  elliptic  form,  as  was  pointed  out  by  M.  H. 
Parenty.1    As  I  have  remarked  above,  the  larger  de- 


1  Annales  de  Chimie  et  de  Physique,  May  1896. 
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partures  from  this  curve  may  be  considered  as  being 
due  to  the  great  uncertainty  that  sometimes  occurred 
in  measuring  the  difference  of  the  pressures  by  the 
mercury  manometer  when  the  column  of  water  sur- 
mounting the  column  of  mercury  was  interrupted  by 
bubbles  of  air.  The  standard  gauges  also  gave  but  a 
poor  approximation  at  low  pressures»  It  will  be  no- 
ticed further  that  the  greatest  differences  occur  in  the  re- 
sults for  the  largest  nozzle  24.20  millimetres  in  diam- 
eter. The  results  given  by  the  small  nozzle  are  much 
more  regular. 

To  compare  the  results  obtained  with  theory  the 
curve  AB,  based  on  the  thermodynamic  calculation, 
has   been  drawn.    This   curve  is  easily  obtained  by 

DV 

taking  the  ratios  of  the  function defined  on  page  9 

x 

to  the  maximum  value  of  this  function.  It  is  simply 
necessary  to  take  the  reciprocal  of  the  ratios  of  the 
numbers  in  column  8  of  the  table  on  page  11  to  the 
smallest  of  these  numbers,  0.70276. 

It  will  be  noticed  that  the  experimental  curve  lies  a 
little  below  the  theoretical  curve,  as  would  be  expected, 
and  that  it  becomes  horizontal  a  little  later  than  the 
theoretical  curve,  which  means  that  the  maximum 
experimental  discharge  is  not  attained  until  the  back 
pressure  is  lower  than  0.58P.  By  taking  the  ratio 
between  the  ordinates  of  the  experimental  and  theo- 
retical curves  the  coefficient  of  discharge  for  the  con- 
verging nozzles  is  obtained,  from  which  it  will  be  seen 
that  this  coefficient  starts  with  a  value  about  0.94 
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when  the  ratio  of  the  pressures  is  in  the  neighborhood 

of  unity  and  gradually  increases  towards  the  value 

unity.     As  the  experimental  curve  and  also  the  theo- 

"  W 
retical  curve  are  very  nearly  ellipses,  the  ratio  ^-  as 

"TO 

a  function  of  the  ratio  -p  of  the  pressures  can  be  ex- 
pressed by  a  very  simple  formula,  but  it  does  not  seem 
worth  while  to  go  into  this. 

We  shall  see  that  the  curves  for  air  are  also  very 
nearly  quadrants  of  an  ellipse. 

17.  Orifice  in  a  Thin  Plate. — The  orifice  in  a  thin 
plate  does  not  behave  in  the  same  way  as  the  convergent 
nozzles.  The  discharge  does  not  reach  a  maximum  for 
p  equal  to  or  a  little  less  than  Q.58P,  but  increases 
constantly  as  p  falls. 

The   experimental  figures   are   given   in   the   tables 

W 
either  with  the  ratio  -5-  or,  which  is  better,  the  ratio 

W_ 
Wm' 
The  results  relating  to  this  orifice  are  also   plotted 

graphically  on  Plate  III  up  to  the  value  of  -p  equal  to  0.4. 

It  will  be  noticed  that  the  points  fall  very  regularly  on  a 
curve  EF  which  is  always  rising.  If  the  ratio  between 
the  ordinates  of  this  curve  to  those  of  the  theoretical 
curve  AB  be  taken,  it  will  be  seen  that  the  coefficient  of 
discharge  for  the  thin-plate  orifice  starts  at  a  value  of 
0.61   for  small  differences    of    pressure    and    increases 
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very  regularly  to  the  value  0.87  which  is  reached  for 
very   small   back   pressures.     But   the    curve    of   this 

coefficient  of  discharge  as  a  function  of  the  ratio  -p  is 

not  at  all  a  straight  line.     It  shows  a  slight  depression 

around  t>=0.7.     On  the  contrary,  if  the  ratio  of  the 

ordinates  of  the  curve  for  the  thin-plate  orifice  be 
taken  to  those  of  the  experimental  curve  CD  for  con- 
vergent nozzles  instead  of  to  the  theoretical  curve,  it 
is  found  that  the  ratio  increases  in  a  straight  line.  On 
Plate   III   points   representing   this   ratio   for   certain 

values  of  -p  are  marked.     It  will  be  seen  that  these 

points  be  very  nearly  on  a  straight  line  GH,  which  of 
course  is  tangent  to  the  thin-plate  orifice  curve  at 
the  point  A ,  which  is  on  the  ordinate  of  the  point  where 
the  curve  CD  becomes  horizontal. 

COMPARISON     WITH     THE     RESULTS    OF    HIRN'S    EXPERI- 
MENTS  ON   AIR. 

In  1885  Hirn  made  some  very  precise  experiments 
on  the  flow  of  air  through  nozzles  and  orifices  in  thin 
plates.  It  is  interesting  to  compare  his  results  with 
those  of  our  experiments  on  steam.  Hirn  used  the  direct 
method.  After  passing  through  a  holder  the  air  was 
caused  to  flow  into  a  receptacle  in  which  a  vacuum  had 
previously  been  formed.  By  a  certain  method  of  register- 
ing he  measured  the  fall  of  the  holder  at  equal  intervals 
of  time,  as  well  as  the  initial  and  discharge  pressures. 
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On  analyzing  his  numerical  results,  given  in  the 
Annales  de  Chimie  et  de  Physique,  March  1886,  it 
will  be  noted,  first  of  all,  that  Hirn  did  not  take 
into  account  in  his  calculations  the  slight  contraction 
of  the  orifice  occasioned  by  the  lowering  of  the  tem- 
perature due  to  the  expansion  of  the  air.  It  is  easy 
to  make  the  correction,  however.  Again,  it  appears 
to  me  to  be  wrong  to  dry  the  air  after  it  left  the  holder 
and  before  passing  the  nozzle,  because  dry  air  was 
flowing  through  the  nozzle,  while  the  gas-holder  meas- 
ured humid  air.  As  the  volumetric  discharge  of  gases 
(referred  to  the  initial  pressure  and  temperature)  is 
the  same  for  all  gases  at  the  same  temperature,  and 
that  of  the  vapor  could  not  differ  very  much,  it  would 
have  been  better,  in  my  opinion,  if  he  had  not  dried 
the  air.  The  resulting  error  would  only  have  been  a 
fraction  of  the  proportion  of  water  vapor.  What  is 
the  error  to  be  expected  from  this  cause  in  Hirn's 
experiments?  At  10°  C,  the  mean  temperature  during 
the  experiments,  the  vapor  pressure  of  water  is  0.0125 
kilogramme  per  square  centimeter,  and  its  density  is 
equal  to  0.00195.  The  error  due  to  this  cause  would 
increase  the  results  by  about  2  per  cent.  Hirn's  ex- 
periments were  made  on  two  convergent  nozzles,  one 
having  9°  and  the  other  13°  convergence;  also  on  a 
conico-cylindrical  nozzle,  and  on  two  thin-plate  orifices. 
The  experiments  on  the  nozzles  clearly  showed  that 
the  discharge  becomes  a  maximum  when  the  back  pres- 
sure falls  slightly  below  the  theoretical  figure  for  per- 
manent  gases    (0.526P).      Taking    the    discharge  per 
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unit  area  of  the  mouth  of  the  orifice,  we  have  the  fol- 
lowing figures:  19.80  litres  per  square  centimetre  per 
second  for  the  9°  nozzle  at  the  initial  temperature  of 
15.75°  C. ;  19.77  litres  per  square  centimetre  per  second 
for  the  13°  nozzle,  at  the  temperature  of  8°  C. ;  18.85  litres 
per  square  centimetre  for  the  conico-cylindrical  nozzle 
at  the  temperature  of  6.5°  C.  The  theoretical  maximum 
discharge  for  these  nozzles,  calculated  by  the  formula 
Q  =  1.164!T,  where  T  is  the  absolute  initial  temperature 
and  Q  is  expressed  in  litres  per  square  centimetre  per 
second,  is  respectively  19.77,  19.50,  and  19.47  litres. 

For  the  conico-cylindrical  nozzle,  then,  the  experi- 
mental discharge  is  less  than  the  theoretical,  which  is 
to  be  expected  because  of  the  losses  by  friction  in  the 
cylindrical  part.  But  for  the  convergent  nozzles  the 
experimental  discharge  is  larger  than  the  theoretical 
by  about  0.75  per  cent  on  the  average.  Here  we  have 
the  same  results  that  we  have  already  observed  for 
the  vapor  of  water.  It  should  be  noted  always  that  this 
exaggeration  of  the  measured  discharge  could  arise,  as  I 
have  explained  above,  from  Hirn's  having  dried  the  air. 

I  have  plotted  on  Plate  IV  the  experimental  points, 
taking  the  ratio  of  the  pressures  as  abscissae  and  the 
ratio  of  the  observed  discharge  to  the  maximum  dis- 
charge as  ordinates.  I  have  also  plotted  a  few  theo- 
retical points. 

It  will  be  seen  that  for  the  nozzle  having  a  converg- 
ence of  13°  and  for  the  conico-cylindrical  nozzle  the 
experimental  curve  AB  is  very  close  to  the  theoretical 
curve  except  in  the  neighborhood  of  the  maximum 
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discharge.  But  for  the  nozzle  with  9°  convergence 
the  experimental  curve  CD  departs  considerably  from 
the  theoretical  curve,  particularly  towards  the  origin. 
It  would  seem  that  there  was  some  systematic  error 
in  the  series  of  measurements  relative  to  this  nozzle. 

The  results  obtained  by  the  two  thin-plate  orifices  lie 
very  nicely  along  the  curve  EF  on  Plate  IV.  Taking 
the  ratio  between  the  ordinates  of  this  curve  and  those 
of  the  curve  AB  for  convergent  nozzles,  we  find  figures 
which  increase  along  a  straight  line  in  the  same  way  as 
was  obtained  in  the  case  of  steam.  That  is  to  say,  the 
points  representing  these  ratios  which  are  plotted  on 
the  chart  lie  very  exactly  on  a  straight  line  GH  tangent 
to  the  curve  EF  for  the  thin-plate  orifice.  The  origin 
of  this  line  is  0.629,  while  Hirn  found  by  direct  experi- 
ment that  for  small  differences  of  pressures  the  coeffi- 
cient of  discharge  for  thin-plate  orifices  was  0.633. 

Comparing  the  curves  thus  obtained  for  the  flow  of 
air  with  those  obtained  for  the  flow  of  steam,  it  will  be 
noticed  that  they  are  entirely  analogous  and  can  be 
almost  superposed.  There  is  always  this  difference,  that 
the  theoretical  maximum  of  the  curves  for  air  occurs 

at  -£  =  0.526,  while  for  steam  it  occurs  at  -p  =  0.58.     It 

will  be  noticed  also  that  the  straight  line  which  repre- 
sents the  ratio  of  the  coefficient  of  discharge  for  thin- 
plate  orifices  to  that  for  convergent  nozzles  for  steam 
lies  about  2  per  cent  above  the  corresponding  line  for  air. 
I  am  unable  to  decide  whether  this  difference  is  due  to  ex- 
perimental errors  or  to  the  different  nature  of  the  fluids. 
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NOTE    ON   THE   FLOW  OF    HOT   WATER 
THROUGH  NOZZLES. 

In  this  short  note  I  propose  to  analyze  the 
phenomenon  of  the  flow  of  hot  water  through  a  con- 
vergent nozzle  and  to  explain  the  results  obtained  by 
Sauvage  &  Pulin  in  experiments  made  by  them  in  1892/ 
which  appear  very  singular  at  the  first  glance. 

The  theory  developed  in  the  preceding  work  relating 
to  the  flow  of  steam  can  be  extended  to  the  somewhat 
more  complex  problem  of  hot  water  which  is  partially 
vaporized  during  the  discharge.  The  most  simple  case, 
which  I  will  discuss  first,  is  that  in  which  the  water  in 
the  high-pressure  receptacle  is  initially  at  exactly  the 
temperature  T0  corresponding  to  the  pressure  P0  of 
the  steam;  that  is  to  say,  just  on  the  point  of  evapo- 
rating. It  will  then  begin  to  evaporate  as  soon  as  its 
pressure  and  temperature  fall.  A  remarkable  circum- 
stance gives  to  this  phenomenon  a  very  special  interest, 
namely,  that  the  quantity  vaporized  on  the  one  hand 
and  the  velocity  of  flow  of  the  mixture  of  water  and 
steam  formed  on  the  other  hand  are  both  practically 

1  Ed.  Sauvage,  Ecoulement  de  l'eau  des  Chaudieres  (Annales 
des  Mines,  9th  Series,  Vol.  II,  page  192). 
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proportional  to  the  fall  of  temperature.  Considering 
the  entropy  diagram/  Fig.  3,  let  AD  be  the  curve  of 
the  entropy  of  water,  and  EF  that  of  saturated  steam. 
Let  the  point  A  represent  the  state  of  the  hot  water 


To 


T1 1, 


Fig.  3. 


at  the  temperature  T0  and  the  corresponding  pressure 

p.. 

During  the  expansion  in  the  nozzle  a  small  quantity 
of  steam  is  generated  which  forms  a  more  or  less  homo- 
geneous mixture  with  the  remaining  water.  It  may  be 
admitted  that  the  expansion  is  adiabatic  on  account 
of  the  very  short  time  during  which  the  fluid  remains 
in  contact  with  the  walls  of  the  nozzle.  This  adiabatic 
expansion  is  represented  on  the  entropy  diagram  by 
the  line  AG  parallel  to  the  axis  of  temperatures.  When 
the  mixture  has  reached  the  temperature  Tt  differing 
from  T0  by  the  quantity  6,  the  proportion  of  steam 

1  The  utilization  of  the  entropy  diagram  for  the  vapor  of 
water  was  made  the  subject  of  some  remarkable  articles  by 
Prof.  Boulvin  in  the  Revue  de  Mecanique  in  1897  and  1901. 
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generated  is  given  by  the  ratio  of  the  segment  of  the 
straight  line  DG  to  DF.1  Now  the  curve  AD  of  the 
entropy  of  water  is  practically  the  same  as  its  tangent 
at  the  point  A,  if  the  fall  of  temperature  is  not  large. 
DG  is  then  proportional  to  the  fall  in  temperature  6, 
with  a  tendency,  however,  to  increase  a  little  quicker 
than  0,  and  one  can  write  that  the  ratio  of  DG  to  DF 
is  very  nearly  proportional  to  d;   that  is  to  say, 

x  =  ad, 

a  being  a  coefficient  which  depends  on  the  initial  tem- 
perature T0.  The  value  of  this  coefficient  can  be  easily 
ascertained  if  the  entropy  diagram  be  drawn  to  a 
large  scale. 

On  the  other  hand  the  velocity  of  flow  V  at  the 
moment  when  the  temperature  has  fallen  to  Tx  is 
given  by  the  area  of  the  triangle  AGD.     The  base  of 

T 

this  triangle  is  approximately  equal  to  Xjp-}  r  being  the 

■*   0 

heat  of  vaporization  of  the  water.  We  have  then  the 
following  relation: 


whence 


1  0 


V^0-JgEaw. (1) 


1  We  may  safely  assume  that  there  is  no  retardation  of  the 
vaporization  so  that  the  quantity  of  steam  in  the  mixture 
is  that  corresponding  to  the  segment  DG  at  each  instant. 
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We  will  now  calculate  the  area  of  nozzle  necessary  to 

i  allow  unit  mass  of  water  to  flow  when  the  temperature 

has  fallen  by  6°.    This  area  is  equal  to  the  specific 

volume  v  of  the  mixture  of  water  and  steam  divided 

by  the  velocity  V. 

x 
The  specific  volume  v  is  equal  to  1  —  £+77,  D  being  the 

density  of  saturated  steam  at  the  temperature  Tt= 
T0—d,  or  replacing  x  by  its  value  ad,  we  have 

v~l-aO+jf (2) 

Dividing  v  by  V,  we  have  the  area  S: 


For  any  given  initial  temperature  a  and  r  are  fixed. 
In  the  expression  for  S,  consequently,  the  only  vari- 
ables are  the  fall  of  temperature  6  and  the  density  D 
which  is  a  function  of  T0—6;  consequently  £  increases 

or  decreases  in  proportion  to  the  quantity  ^+ ^p  and 
since  a  is  very  small,  S  is  practically  proportional  to 
this  quantity.  Now  when  6  increases  -n  decreases.  But 
on  the  other  hand  the  density  D  diminishes  and  con- 
sequently the  second  term  jt  increases,  so  that  a  time 
arrives  when  the  increase  of  the  second  term  compen- 
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sates  for  the  decrease  of  the  first,  and  the  quantity 

la.  _      " 

7f+-R  then  passes  through  a  minimum. 

In  order  to  ascertain  the  position  of  the  minimum  it 
is  necessary  to  express  D  as  a  function  of  the  tem- 
perature. 

In  default  of  a  simple  relation  between  these  quan- 
tities the  problem  can  be  solved  in  any  particular  case 
by  the  aid  of  Regnault's  tables;  for  example: 

Suppose  the  initial  pressure  P  equals  10  kilogrammes 
per  square  centimetre.  The  corresponding  temperature 
T0  equals  178.886  +  273°.  By  the  entropy  diagram  the 
value  of  a  is  found  to  be  0.00216;  the  density  is  given 
by  the  tables.  It  should  be  noted  that  D  must  be 
expressed  in  kilogrammes  per  cubic  decimetre. 

The  following  are  the  values  of  the  quantity  -5+ jr 

for  increasing  values  of  6  in  the  neighborhood  of  the 
minimum: 

For  6 


6°C. 

-^+^  =  0.6501 

7° 

0.6374 

8° 

0.6300 

9° 

0.6274 

10° 

0.6293 

11° 

0.6325 

12° 

0.6355 

Plotting  the  curve,  it  is  seen  that  the  minimum  occurs 
for  0  =  9.2°.  The  absolute  pressure  corresponding,  to 
this  value  of  0  is  S.044  kilogrammes  per  square  centi- 
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metre.  Consequently  when  the  pressure  falls  below 
about  80  per  cent  of  the  initial  pressure  it  is  necessary 
for  the  nozzle  to  diverge  in  order  that  the  mixture  of 
water  and  steam  should  continue  to  expand. 

If  the  nozzle  is  simply  convergent,  the  pressure  at 
the  mouth  of  the  nozzle  will  be  exactly  equal  to  the 
value  just  obtained  (i.e.,  8.044  kg.).  If  the  discharge 
takes  place  into  a  space  in  which  the  pressure  is  much 
less  than  this,  as,  for  example,  into  the  atmosphere,  a 
sudden  expansion  occurs  which  is  much  stronger  than 
in  the  case  of  the  discharge  of  steam  alone.  The  jet 
is  seen  to  swell  suddenly  and  take  the  form  of  a  very 
wide  paraboloid,  as  is  well  shown  by  the  photographs 
reproduced  in  M.  Sauvage's  memoir. 

The  lateral  expansion  of  the  jet  is  enormous  at  the 
mouth  of  the  nozzle  because,  as  we  shall  see,  the  speed 
of  flow  of  the  mixture  is  not  high  and  it  is  proportion- 
ately greater  as  the  pressure  in  the  exhaust  space  is 
lower  than  the  pressure  p  giving  the  maximum  output. 
The  discharge  per  unit  of  area  of  the  mouth  of  the 
nozzle  can  be  calculated  from  the  pressure  p  which 

makes  the  quantity  -n  +  j^  a  minimum.     Making  this 

calculation  for  the  case  under  consideration,  we  find 
first  that  the  quantity  of  steam  generated  x  is  equal  to 
1.99  per  cent;  that  the  specific  volume  of  the  mixture 
reaches  the  value  5.78;  that  is  to  say,  at  the  mouth 
of  the  nozzle  the  steam  occupies  a  volume  4.78  times 
that  of  the  water ;  that  the  speed  of  the  mixture  at  the 
mouth  is  28.55  metres  per  second;   and  finally  that  the 
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weight  of  fluid  discharged  is  494  grammes  per  square 
centimetre  of  orifice  per  second. 

It  is  interesting  to  compare  this  last  figure  with 
that  obtained  if  the  nozzle  was  discharging  initially 
saturated  steam.  In  that  case  the  quantity  discharged 
would  be  143  grammes  per  square  centimetre  per 
second.  In  the  case  of  the  hot  water,  therefore,  the 
weight  discharged  is  3.5  times  larger. 

If  the  expansion  is  to  be  continued  in  the  nozzle, 
the  throat  must  be  followed  by  a  divergent  portion. 
In  Fig.  4  the  curve  CMD  of  the  areas  as  ordinates  is 


5CM 


5°  W 

FALL  OF  TEMPERATURE     t  4-  0 

Fig.  4. 


given  as  a  function  of  the  fall  of  temperature  for  the 
case  where  P0  is  6  kilogrammes  per  square  centimetre, 
the  water  being  initially  at  the  temperature  of  vapor- 
ization at  this  pressure. 
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In  the  case  of  the  flow  of  initially  saturated  steam, 

it  was  found  that  the  value  of  the  ratio  -p  corresponding 

to  the  minimum  area  (that  is  to  say  also,  to  the  maxi- 
mum discharge)  is  equal  to  0.58,  and  that  it  is  sensibly 
independent  of  the  initial  pressure  P0.  In  the  case  of 
hot  water  we  have  found,  when  P0  equals  10  kilogrammes 
per  square  centimetre,  that  the  value  of  the  ratio  cor- 
responding to  the  minimum  area  is  equal  to  0.804,  a 
value  very  much  larger  than  the  preceding.  On  repeat- 
ing the  same  calculations  for  different  initial  pressures 

v 
it  is  found  that  the  value  of  the  ratio  -p  corresponding 

to  the  minimum  varies  considerably.  It  approaches 
unity  as  the  pressure  P0  decreases;  thus  for  P0  =  6 
kilogrammes  per  square  centimetre  we  find  that  the 
fall    of    temperature    6,    which    gives    the    minimum 

value  for  #— 77,  is  7.15  degrees,  whence  -p  =  0.829 ;  the 

speed  of  flow  at  the  mouth  of  the  nozzle  is  now  only 
22.5  metres  per  second,  and  the  discharge  344  grammes 
per  second. 

Let  it  be  supposed  now  that  the  water  is  initially  at  a 
temperature  lower  by  t°  than  T0,  the  temperature  of 
vaporization  at  the  pressure  P0.  As  long  as  the  fall 
of  pressure  is  insufficient  to  cause  evaporation  the 
water  will  remain  in  the  liquid  state  and  the  discharge 
will  follow  the  laws  for  liquids.  When  the  pressure 
falls  below  this  limit,  however,  partial  evaporation 
will  take  place,  and  again  a  point  will  be  reached  at 
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which  the  increase  of  the  specific  volume  will  com- 
pensate the  increase  of  velocity.  At  this  moment  the 
area  of  the  flow  will  become  a  minimum.  The  decre- 
ment of  temperature  t  has  the  effect,  then,  of  rapidly 
increasing  the  possible  discharge  per  unit  section  of  a 
given  nozzle.  We  shall  see  later,  by  an  example,  that, 
except  for  very  small  values  of  t,  the  minimum  area 
corresponds  exactly  to  the  point  where  evaporation 
begins  to  occur. 

Calling  Pf  the  pressure  existing  at  the  point  where 
evaporation  begins  (namely,  the  pressure  correspond- 
ing to  the  temperature  T0—t  for  saturated  steam)  and 
6  the  fall  of  temperature  from  this  point,  the  speed  of 
flow  is  given  by  the  relation 

V2      P  —  P'      1  r 

r-V+2^!iw'  •  •  •  <4> 

D  being  the  density  of  the  liquid  and  a  having  the 
signification  already  given.  The  specific  volume  of  the 
mixture  is  always  given  by  the  expression 

7-l-ofl+g. 

The  analytical  discussion  in  this  case  is  even  more 
difficult  than  in  the  preceding;  but  any  particular  case 
can  be  solved  by  means  of  Regnault's  tables.  It  will  be 
seen  from  the  above  that  only  a  slight  fall  of  tempera- 
ture is  sufficient  to  increase  the  discharge  enormously. 
Thus,  for  example,  to  obtain  a  discharge  of  494  grammes 
per  second  for  a  pressure  of  10  kilogrammes  per  square 
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centimetre,  the  speed  must  increase  to  4.94  metres  per 
second.     For  this  speed 

P0-P'  =  0.124,     whence    Z  =  0.54°. 

This  low  value  clearly  shows  the  considerable  influence 
which  the  decrement  of  temperature  has  on  the  discharge 
from  a  convergent  nozzle. 

Now  in  different  parts  of  a  boiler  the  temperature  of 
the  water  is  always  a  little  lower  than  the  temperature 
of  vaporization.  This  difference  will  easily  amount 
to  several  degrees,  and  is  very  variable,  not  only 
from  point  to  point  in  the  boiler,  but  also  from  one 
moment  to  another,  depending  on  the  state  of  the 
internal  currents  and  the  activity  of  the  evaporation. 
One  would  consequently  expect  to  find  extremely 
variable  discharges,  such  as  have  been  shown  by  the 
experiments  of  Sauvage  &  Pulin.  The  increase  of  the 
discharge  with  reference  to  that  taking  place  if  there 
were  no  decrement  of  temperature,  forms  an  indication 
of  the  amount  of  the  decrement  in  temperature. 

As  this  decrement  of  temperature  increases,  the 
flow  tends  to  approach  more  and  more  that  of  a  simple 
liquid  and  does  not  differ  at  all  when  the  initial  tem- 
perature of  the  water  T0—t  is  equal  to  or  less  than 
that  of  the  vapor  corresponding  to  the  pressure  Pt  in  the 
exhaust  space.    The  discharge  will  then  reach  the  value 


4 


2g .  P°     Pl 


D 

per   square   centimetre    per    second.     The    actual    dis- 
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charge  is  always  found  to  lie  between  this  last  value 
and  that  which  we  have  previously  calculated  for  the 
case  when  the  water  is  initially  at  the  temperature  T0. 
For  example,  for  an  initial  pressure  of  6  kilogrammes 
per  square  centimetre  and  discharging  into  the  atmos- 
phere, the  discharge  per  second  per  square  centimetre 
should  lie  between  3130  grammes  and  344  grammes, 
the  figure  just  given.  In  their  experiments  Sauvage 
&  Pulin  found  discharges  for  a  pressure  of  6  kilo- 
grammes per  square  centimetre,  varying  irregularly 
around  the  value  1350  grammes,  which  would  appear 
to  indicate  that  under  the  conditions  of  the  experi- 
ments the  water  was  at  a  temperature  about  6  degrees 
lower  than  that  of  steam  at  the  same  pressure. 

For  the  sake  of  example  I  have  given  in  Fig.  4 
nozzle  areas  for  the  discharge  of  hot  water  from  an 
initial  pressure  of  6  kilogrammes  per  square  centimetre 
with  differences  of  temperature  increasing  by  single 
degrees.  The  total  fall  of  temperature  (t+d)  is  plotted 
as  abscissae,  while  the  ordinates  indicate  the  area  of 
flow  in  square  centimetres  for  a  discharge  of  1  kilo- 
gramme per  second.  The  curve  AB  represents  the 
case  of  cold  water  (without  evaporation);  CMD  that 
of  hot  water  initially  at  the  temperature  of  vaporization 
(where  £  =  0);  curves  3,  4,  ...  9  correspond  to  the 
cases  where  the  decrement  of  temperature  is  1°,  2°,  etc. 

For  a  decrement  of  2°,  for  example,  the  water  at 
first  flows  without  causing  evaporation  and  the  areas 
decrease  up  to  the  point  C;  then,  because  evaporation 
takes  place,  the  "area  increases,  from  which  it  will  be 
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seen  that  if  the  nozzle  is  convergent  hot  water  will 
be  discharged  without  any  portion  being  vaporized,  at 
its  initial  temperature  and  at  the  pressure  correspond- 
ing to  that  temperature  for  saturated  steam. 

This  is  not  quite  general,  however.  If  the  curve  of 
areas  be  drawn  for  decrements  of  temperature  less  than 
about  1  degree  it  will  be  found  that  two  successive 
minima  are  obtained,  as,  for  example,  curve  2.  The 
first  minimum  a  is  an  angular  point;  the  other  occurs 
in  the  neighborhood  of  a  point  M  on  the  curve  CD. 
Further,  when  t  is  less  than  0.395  degree,  the  first 
minimum  is  larger  than  the  second,  as  will  be  seen 
from  curve  1.  It  would  appear  from  the  singular 
form  of  this  curve  of  areas  that  the  flow  in  a  converg- 
ent nozzle  ought  to  undergo  a  discontinuity  because  it 
is  impossible  for  the  fluid  to  be  in  the  states  correspond- 
ing to  the  part  of  the  curve  between  the  points  m  and  n. 
Since  the  areas  of  the  nozzle  are  always  decreasing, 
there  must  be  a  sudden  jump  from  m  to  n;  that  is  to 
say,  an  instantaneous  partial  evaporation,  and,  which 
is  very  curious,  an  equally  instantaneous  increase  in 
the  velocity. 

This  remarkable  phenomenon  of  a  sudden  variation 
in  the  evaporation  and  in  the  speed  demands  very 
careful  examination.  It  would  appear  incompatible 
a  priori  with  the  laws  of  inertia  of  material  bodies;  but 
on  thinking  of  the  matter  one  can  see,  I  think,  that  these 
discontinuities  are  not  impossible  when  fluid  bodies  are 
being  experimented  with,  which  can  be  decomposed 
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actually  and  not    only  theoretically  into   very  small 
elementary  masses. 

I  will  conclude  with  these  remarks,  which  are  suffi- 
cient to  show  that  the  flow  of  a  hot  liquid  presents 
peculiarities  very  well  worthy  of  attention. 
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Exercises,  especially  adapted  for  school  use.  12mo,  cloth. 
Illustrated net,  $2 .  25 

BRASSEY'S   Naval   Annual   for    1904.     Edited    by   T.    A. 

Brassey.  With  numerous  full-page  diagrams,  half-tone  illustra- 
tions and  tables.  Eighteenth  year  of  publication.  Svo,  cloth, 
illustrated net,  $6.00 

BRAUN,  E.     The  Bakers  Book:    A  Practical  Handbook 

of  the  Baking  Industry  in  all  Countries.  Profusely  illustrated 
with  diagrams,  engravings,  and  full-page  colored  plates.  Trans- 
lated into  English  and  edited  by  Emil  Braun.      Vol.   I.,  8vo, 

cloth,  illustrated,  308  pages $2 .  50 

Vol.  II.  363  pages,  illustrated. $2.50 

British    Standard    Sections.     Issued    by    the    Engineering 

Standards  Committee,  Supported  by  The  Institution  of  Civil 
Engineers,  The  Institution  of  Mechanical  Engineers,  The  Institu- 
tion of  Naval  Architects,  The  Iron  and  Steel  Institute,  and  The 
Institution  of  Electrical  Engineers.  Comprising  9  plates  of 
diagrams,  with  letter-press  and  tables.  Oblong  pamphlet, 
8|X15 $1.00 

BROWN,  WM.  N.     The  Art  of  Enamelling  on  Metal.  With 

figures  and  illustrations.     12mo,  cloth,  illustrated net,  $1.00 

Handbook  on  Japanning  and  Enamelling,  for  Cycles, 

Bedsteads,  Tinware,  etc.     12mo,  cloth,  illustrated net,  $1 .  50 
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BROWN,  WM.  N.     House  Decorating  and  Painting.     With 

Numerous  illustrations.     12mo,  cloth net,  $1 .  50 

History  of  Decorative  Art.     With  Designs  and  Illus- 
trations.    12mo,  cloth net,  $1 .  25 

Principle  and  Practice  of  Dipping,  Burnishing,  Lac- 
quering and  Bronzing  Brass  Ware.     12mo,  cloth net,  $1 .  00 

Workshop  Wrinkles  for  Decorators,  Painters,  Paper- 
Hangers  and  Others.     8vo,  cloth net,  $1 .  00 

BUCHANAN,   E.   E.     Tables   of  Squares.     Containing  the 

square  of  every  foot,  inch,  and  sixteenth  of  an  inch,  between  one 
sixteenth  of  an  inch  and  fifty  feet.  For  Engineers  and  Calcu- 
lators.    16mo,  oblong,  cloth $1 .  00 

BURGH,  N.  P.     Modern  Marine  Engineering,  Applied  to 

Paddle  and  Screw  Propulsion.  Consisting  of  36  colored  plates, 
259  practical  woodcut  illustrations  and  403  pages  of  descriptive 
matter.  The  whole  being  an  exposition  of  the  present  practice 
of  James  Watt  &  Co.,  J.  &  G.  Rennie,  R.  Napier  &  Sons,  and 
other  celebrated  firms.     Thick  quarto,  half  morocco $10 .  00 

BURT,  W.  A.     Key  to  the  Solar  Compass,  and  Surveyor's 

Companion.  Comprising  all  the  rules  necessary  for  use  in  the 
field;  also  description  of  the  Linear  Surveys  and  Public  Land 
System  of  the  United  States,  Notes  on  the  Barometer,  Sugges- 
tions for  an  Outfit  for  a  Survey  of  Four  Months,  etc.  Seventh 
Edition.     Pocket  size,  full  leather , $2 .  50 

CAMPIN,    F.     On    the    Construction    of    Iron    Roofs.     A 

Theoretical  and  Practical  Treatise,  with  woodcuts  and  plates  of 
roofs  recently  executed.     8.vo,  cloth $2 .  00 

CARTER,  E.  T.  Motive  Power  and  Gearing  for  Elec- 
trical Machinery.  A  treatise  on  the  Theory  and  Practice  of  the 
Mechanical  Equipment  of  Power  Stations  for  Electrical  Supply 
and  for  Electric  Traction.     8vo,  cloth,  illustrated $5 .  00 

CATHCART,    WM.    L.,    Prof.     Machine    Design.     Part    I. 

Fastenings.     8vo,  cloth,  illustrated net,  $3 .00 

and  CHAFFEE,  J.  I.     Course  of  Graphic  Statics  Applied 

to  Mechanical  Engineering In  Press. 

CHAMBER'S    MATHEMATICAL    TABLES,    consisting    of 

Logarithms  of  Numbers  1  to  108,000,  Trigonometrical,  Nautical 
and  other  Tables.     New  Edition.     8vo,  cloth $1 .  75 
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CHARPENTIER,    P.      Timber.     A    Comprehensive    Study 

of  Wood  in  all  its  Aspects,  Commercial  and  Botanical.  Show- 
ing the  Different  Applications  and  Uses  of  Timber  in  Various 
Trades,  etc.    Translated  into  English.    8vo,  cloth,  illus. .  .  net,  $6 .  00 

CHAUVENET,    W.,    Prof.     New    Method    of    Correcting 

Lunar  Distances,  and  Improved  Method  of  Finding  the  Error 
and  Rate  of  a  Chronometer,  by  Equal  Altitudes.     8vo,  cloth.  $2 .  00 

CHILD,    C.    T.     The    How    and    Why    of    Electricity.     A 

Book  of  Information  for  non-technical  readers,  treating  of  the 
Properties  of  Electricity,  and  how  it  is  generated,  handled,  con- 
trolled, measured  and  set  to  work.  Also  explaining  the  opera- 
tion of  Electrical  Apparatus.     8vo,  cloth,  illustrated $1 .  00 

CHRISTIE,    W.    W.     Chimney    Design    and    Theory.     A 

Book  for  Engineers  and  Architects,  with  numerous  half-tone 
illustrations  and  plates  of  famous  chimneys.  Second  Edition, 
revised.     8vo,  cloth $3 .  00 

Furnace  Draft :  its  Production  by  Mechanical  Methods. 

A  Handy  Reference  Book,  with  figures  and  tables.  16mo,  limp 
cloth,  illustrated 50 

Boiler- waters,  Scale,  Corrosion,  Foaming In  Press. 

CLAPPERTON,    G.     Practical   Paper-making.     A   Manual 

for  Paper-makers  and  Owners  and  Managers  of  Paper  Mills,  to 
which  is  appended  useful  tables,  calculations,  data,  etc.,  with 
illustrations  reproduced  from  micro-photographs.  12mo,  cloth, 
illustrated $2. 50 

CLARK,   D.   K.,   C.E.      A  Manual  of  Rules,   Tables  and 

Data  for  Mechanical  Engineers.  Based  on  the  most  recent  inves- 
tigations.    Illustrated  with  numerous  diagrams.  1012  pages.   8vo, 

cloth.     Sixth  Edition $5 .  00 

Half  morocco $7 .  50 

Fuel :    its   Combustion   and  Economy ;   consisting  of 

abridgments  of  Treatise  on  the  Combustion  of  Coal.  By  C.  W. 
Williams,  and  the  Economy  of  Fuel,  by  T.  S.  Prideaux.  With 
extensive  additions  in  recent  practice  in  the  Combustion  and 
Economy  of  Fuel,  Coal,  Coke,  Wood,  Peat,  Petroleum,  etc. 
Fourth  Edition.     12mo,  cloth $1 .  50 

The   Mechanical   Engineers   Pocket-book   of    Tables, 

Formulae,  Rules  and  Data.  A  Handy  Book  of  Reference  for 
Daily  Use  in  Engineering  Practice.  16mo,  morocco.  Fifth 
Edition,  carefully  revised  throughout $3 .  00 
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CLARK,  D.  K.,  C.E.     Tramways:  Their  Construction  and 

Working.  Embracing  a  comprehensive  history  of  the  system,  with 
accounts  of  the  various  modes  of  traction,  a  description  of  the 
varieties  of  rolling  stock,  and  ample  details  of  Cost  and  Working 
Expenses.  Second  Edition,  rewritten  and  greatly  enlarged,  with 
upwards  of  400  illustrations.     Thick  8vo,  cloth $9 .  00 

CLARK,  J.  M.  New  System  of  Laying  Out  Railway  Turn- 
outs instantly,  by  inspection  from  tables.     12mo,  cloth.  .  .  $1.00 

CLAUSEN-THUE,  W.     The  ABC  Universal  Commercial 

Electric  Telegraphic  Code;  specially  adapted  for  the  use  of 
Financiers,  Merchants,  Ship-owners,  Brokers,  Agents,  etc.    Fourth 

Edition.     8vo,  cloth $5 .  00 

Fifth  Edition  of  same $7.00 

The  A  1   Universal  Commercial  Electric  Telegraphic 

Code.  Over  1240  pages  and  nearly  90,000  variations.  8vo, 
cloth $7 .  50 

CLEEMANN,    T.    M.     The    Railroad   Engineer's    Practice. 

Being  a  Short  but  Complete  Description  of  the  Duties  of  the 
Young  Engineer  in  Preliminary  and  Location  Surveys  and  in 
Construction.  Fourth  Edition,  revised  and  enlarged.  Illustrated. 
12mo,  cloth $1 .  50 

CLEVENGER,  S.  R.  A  Treatise  on  the  Method  of  Gov- 
ernment Surveying  as  prescribed  by  the  U.  S.  Congress  and  Com- 
missioner of  the  General  Land  Office,  with  complete  Mathemati- 
cal, Astronomical,  and  Practical  Instructions  for  the  use  of  the 
United  States  Surveyors  in  the  field.     16mo,  morocco $2 .  5o 

CLOUTH,   F.     Rubber,   Gutta-Percha,   and   Balata.     First 

English  Translation  with  Additions  and  Emendations  by  the 
Author.  With  numerous  figures,  tables,  diagrams,  and  folding 
plates.     8vo,  cloth,  illustrated net,  $5. 00 

COFFIN,  J.  H.  C,  Prof.  Navigation  and  Nautical  Astron- 
omy. Prepared  for  the  use  of  the  U.  S.  Naval  Academy.  New 
Edition.  Revised  by  Commander  Charles  Belknap.  52  woodcut 
illustrations.     12mo,  cloth net,  $3 .  50 

COLE,   R.   S.,  M.A.     A  Treatise  on  Photographic  Optics. 

Being  an  account  of  the  Principles  of  Optics,  so  far  as  they  apply 
to  photography.     12mo,  cloth,  103  illus.  and  folding  plates.  .$2.50 

COLLINS,  J.  E.     The  Private  Book  of  Useful  Alloys  and 

Memoranda  for  Goldsmiths,  Jewelers,  etc.     18mo,  cloth 50 
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COREY.      Water-supply     Engineering.      Fully    illustrated. 

8vo,  cloth In  Press, 

COOPER,  W.  R.,  M.A.  Primary  Batteries:  Their  Con- 
struction and  Use.  With  numerous  figures  and  diagrams.  Svo, 
cloth,  illustrated net,  $4 .  00 

CORNWALL,  H.  B.,  Prof.     Manual  of  Blow-pipe  Analysis, 

Qualitative  and  Quantitative.  With  a  Complete  System  of 
Determinative  Mineralogy.  8vo,  cloth,  with  many  illustra- 
tions     $2 .  50 

COWELL,  W.  B.  Pure  Air,  Ozone  and  Water.  A  Prac- 
tical Treatise  of  their  Utilization  and  Value  in  Oil,  Grease,  Soap. 
Paint,  Glue  and  other  Industries.  With  tables  and  figures. 
12mo,  cloth,  illustrated net,  $2 .  00 

CRAIG,   B.   F.     Weights   and  Measures.     An  Account  of 

the  Decimal  System,  with  Tables  of  Conversion  for  Commercial 
and  Scientific  Uses.     Square  32mo,  limp  cloth. 50 

CROCKER,  F.  B.,  Prof.     Electric   Lighting.     A  Practical 

Exposition  of  the  Art.  For  use  of  Engineers,  Students,  and 
others  interested  in  the  Installation  or  Operation  of  Electrical 
Plants.     Vol.  I.  The  Generating  Plant.     New  Edition,  thoroughly 

revised  and  rewritten.     8vo,  cloth,  illustrated In  Press. 

Vol.  II.  Distributing  Systems  and  Lamps.  Second  Edition.  Svo, 
cloth,  illustrated S3 .  00 

and  WHEELER,   S.   S.     The   Practical  Management 

of  Dynamos  and  Motors.     Fifth  Edition  (Sixteenth  Thousand),  re- 
vised and  enlarged.     With  a  special   chapter  by  H.  A.    Foster.  ■ 
12mo,  cloth,  illustrated $1 .  00 

CROSSKEY,  L.  R.     Elementary  Perspective:    Arranged  to 

meet  the  requirements  of  Architects  and  Draughtsmen,  and  of 
Art  Students  preparing  for  the  elementary  examination  of  the 
Science  and  Art  Department,  South  Kensington.  With  numer- 
ous full-page  plates  and  diagrams.     8vo,  cloth,  illustrated  .  .  SI .  00 

and  THAW,  J.     Advanced  Perspective,  involving  the 

Drawing  of  Objects  when  placed  in  Oblique  Positions,  Shadows 
and  Reflections.  Arranged  to  meet  the  requirements  of  Archi- 
tects, Draughtsmen,  and  Students  preparing  for  the  Perspective 
Examination  of  the  Education  Department.  With  numerous  full- 
page  plates  and  diagrams.     Svo.  cloth,  illustrated SI .  50 

DAVIES,     E.     H.     Machinery    for    Metalliferous    Mines. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists  and 
Managers  of  Mines.  WTith  upwards  of  400  illustrations.  Second 
Edition,  rewritten  arid  enlarged.     8vo,  cloth net,  $8 .  00 
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DA  VIES,  D.  C.    A  Treatise  on  Metalliferous  Minerals  and 

Mining.  Sixth  Edition,  thoroughly  revised  and  much  enlarged  by  his 
son.     8vo,  cloth net,  $5.00 

Mining  Machinery In  Press. 

DAVISON,  G.  C,  Lieut.     Water-tube  Boilers In  Press. 

DAY,  C.  The  Indicator  and  its  Diagrams.  With  Chap- 
ters on  Engine  and  Boiler  Testing;  including  a  Table  of  Piston 
Constants  compiled  by  W.  H.  Fowler.  12mo,  cloth.  125  illus- 
trations     $2.00 

DE  LA  COUX,  H.     The  Industrial  Uses  of  Water.     With 

numerous  tables,  figures,  and  diagrams.  Translated  from  the 
French  and  revised  by  Arthur  Morris.     8vo,  cloth net,  $4 .  50 

DENNY,  G.  A.     Deep-level  Mines  of  the  Rand,  and  their 

future  development,  considered  from  the  commercial  point  of 
view.  With  folding  plates,  diagrams,  and  tables.  4to,  cloth, 
illustrated net,  $10 .  00 

DERR,    W.    L.     Block    Signal    Operation.     A    Practical 

Manual.     Pocket  Size.     Oblong,  cloth.     Second  Edition.  ..  .$1 .50 

DIBDIN,  W.  J.     Public  Lighting  by  Gas  and  Electricity. 

With  tables,  diagrams,  engravings  and  full-page  plates.  8vo, 
cloth,  illustrated net,  $8.00 

Purification    of    Sewage    and    Water.      With    tables, 

engravings,  and  folding  plates  Third  Edition,  revised  and 
enlarged.     8vo,  cloth,  illus.  and  numerous  folding  plates.  ...  $6.50 

DIETERICH,  K.     Analysis  of  Resins,  Balsams,  and  Gum 

Resins:  their  Chemistry  and  Pharmacognosis.  For  the  use  of 
the  Scientific  and  Technical  Research  Chemist.  With  a  Bibliog- 
raphy. Translated  from  the  German,  by  Chas.  Salter.  8vo. 
cloth net,  $3 .00 

DIXON,    D.    B.     The   Machinist's   and   Steam   Engineer's 

Practical  Calculator.  A  Compilation  of  Useful  Rules  and  Prob- 
lems arithmetically  solved,  together  with  General  Information 
applicable  to  Shop-tools,  Mill-gearing,  Pulleys  and  Shafts,  Steam- 
boilers  and  Engines.  Embracing  valuable  Tables  and  Instruc- 
tion in  Screw-cutting,  Valve  and  Link  Motion,  etc.  Third  Edition. 
16mo,  full  morocco,  pocket  form $1 .  25 

DOBLE,  W.  A.  Power  Plant  Construction  on  the  Pacific 
Coast In  Press. 
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DODD,  GEO.  Dictionary  of  Manufactures,  Mining,  Ma- 
chinery, and  the  Industrial  Arts.     12mo,  cloth $1 .  50 

DORR,  B.  F.  The  Surveyor's  Guide  and  Pocket  Table- 
book.  Fifth  Edition,  thoroughly  revised  and  greatly  extended. 
With  a  second  appendix  up  to  date.     16mo,  morocco  flaps.  .    $2.00 

DRAPER,    C.    H.      An    Elementary   Text-book    of    Light, 

Heat  and  Sound,  with  Numerous  Examples.  Fourth  Edition. 
12mo,  cloth,  illustrated $1 .  00 

Heat  and  the  Principles  of  Thermo-dynamics.     With 

many  illustrations  and  numerical  examples.     12mo,  cloth.  . .   $1 .  50 

DYSON,    S.    S.     Practical   Testing   of   Raw   Materials.     A 

Concise  Handbook-  for  Manufacturers,  Merchants,  and  Users  of 
Chemicals,  Oils,  Fuels,  Gas  Residuals  and  By-products,  and 
Paper-making  Materials,  with  Chapters  on  Water  Analysis  and 
the  Testing  of  Trade  Effluents.  8vo,  cloth,  illustrations,  177 
pages net,  $5 .  00 

EDDY,    H.    T.,    Prof.     Researches   in    Graphical    Statics. 

Embracing  New  Constructions  in  Graphical  Statics,  a  New  General 
Method  in  Graphical  Statics,  and  the  Theory  of  Internal  Stress 
in  Graphical  Statics.     8vo,  cloth $1 .  50 

Maximum      Stresses      under      Concentrated      Loads. 

Treated  graphically.     Illustrated      8vo,  cloth $1 .  50 

EISSLER,  M.     The  Metallurgy  of  Gold.    A  Practical  Treatise 

on  the  Metallurgical  Treatment  of  Gold-bearing  Ores,  including 
the  Processes  of  Concentration  and  Chlorination,  and  the  Assay- 
ing, Melting  and  Refining  of  Gold.  Fifth  Edition,  revised  and 
greatly  enlarged.  Over  300  illustrations  and  numerous  folding 
plates.     8vo,  cloth $7 .  50 

The  Hydro-Metallurgy  of  Copper.     Being  sn  Account 

of  processes  adopted  in  the  Hydro-metallurgical  Treatment  of 
Cupriferous  Ores,  including  the  Manufacture  of  Copper  Vitriol. 
With  chapters  on  the  sources  of  supply  of  Copper  and  the  Roasting 
of  Copper  Ores.  With  numerous  diagrams  and  figures.  8vo, 
cloth,  illustrated net,  $4 .  50 

■ The  Metallurgy  of  Silver.     A  Practical  Treatise  on  the 

Amalgamation,  Roasting  and  Lixiviation  ©f  Silver  Ores,  including 
the  Assaying,  Melting  and  Refining  of  Silver  Bullion.  124 
illustrations.     Second  Edition,    enlarged.     8vo,    cloth $4.00 
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EISSLER,  M.     The  Metallurgy  of  Argentiferous  Lead.     A 

Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Re- 
fining of  Lead  Bullion.  Including  Reports  on  Various  Smelting 
Establishments  and  Descriptions  of  Modern  Smelting  Furnaces  and 
Plants  in  Europe  and  America.  With  183  illustrations.  8vo. 
cloth $5. 00 

Cyanide  Process  for  the  Extraction  of  Gold  and  its 

Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South 
Africa.  Third  Edition,  revised  and  enlarged.  Illustrations  and 
folding  plates.     8vo,  cloth $3 .  00 

A  Handbook  on  Modern  Explosives.  Being  a  Prac- 
tical Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun- 
cotton,  Nitroglycerine,  and  other  Explosive  Compounds,  in- 
cluding the  manufacture  of  Collodion-cotton,  with  chapters  on 
Explosives  in  Practical  Application.  Second  Edition,  enlarged 
with  150  illustrations.     12mo,  cloth $5.00 

ELIOT,    C.    W.,    and   STORER,    F.    H.     A    Compendious 

Manual  of  Qualitative  Chemical  Analysis.  Revised  with  the  co- 
operation of  the  authors,  by  Prof.  William  R.  Nichols.  Illus- 
trated. Twentieth  Edition,  newly  revised  by  Prof.  W.  B.  Lindsay. 
12mo,  cloth net,  $1 .  25 

ELLIOT,    G.    H.,    Maj.      European    Light-house    Systems. 

Being  a  Report  of  a  Tour  of  Inspection  made  in  1873.  51  en- 
gravings and  21  woodcuts.     8vo,  cloth $5 .  00 

ERFURT,  J.     Dyeing  of  Paper  Pulp.    A  Practical  Treatise 

for  the  use  of  paper-makers,  paper-stainers,  students  and  others, 
With  illustrations  and  157  patterns  of  paper  dyed  in  the  pulp, 
with  formulas  for  each.  Translated  into  English  and  edited, 
with  additions,  by  Julius  Hiibner,  F.C.S.  8vo,  cloth,  illus- 
trated  net,  $7 .  50 

EVERETT,    J.    D.      Elementary    Text-book    of    Physics. 

Illustrated.     Seventh  Edition.     12mo,  cloth $1 .50 

EWING,   A.   J.,   Prof.     The   Magnetic   Induction   in   Iron 

and  other  metals.  Third  Edition,  revised.  159  illustrations. 
8vo,  cloth $4 .  00 

FAIRIE,  J.,  F.G.S.  Notes  on  Lead  Ores :  Their  Distribu- 
tion and  Properties.     12mo,  cloth §1 .00 

Notes  on  Pottery  Clays:  The  Distribution,  Properties, 

Uses  and  Analysis  of  Ball  Clays,  China  Clays  and  China  Stone. 
With  tables  and  formulae.     12mo,  cloth $1 .  50 
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FANNING,  J.  T.     A  Practical  Treatise  on  Hydraulic  and 

Water-supply  Engineering.  Relating  to  the  Hydrology,  Hydro- 
dynamics and  Practical  Construction  of  Water-works  in  North 
America.  180  illus.  8vo,  cloth.  Fifteenth  Edition,  revised,  en- 
larged, and  new  tables  and  illustrations  added.     650  pp $5 .  00 

FAY,  I.  W.     The  Coal-tar  Colors :  Their  Origin  and  Chem- 
istry.    8vo,  cloth,  illustrated In  Press. 

FISH,  J.   C.   L.     Lettering  of  Working  Drawings.     Thir- 
teen plates,  with  descriptive  text.     Oblong,  9  X 12^,  boards .   $1 .  00 

FISHER,  H.  K.  C,  and  DARBY,  W.  C.    Students'  Guide 

to  Submarine  Cable  Testing.  Third  {new  and  enlarged)  Edi- 
tion.    8vo,  cloth,  illustrated $3 .  50 

FISHER,    W.    C.     The    Potentiometer    and    its   Adjuncts. 

8vo,  cloth $2 .  25 

FISKE,  B.  A.,  Lieut.,  U.S.N.      Electricity   in   Theory   and 

Practice  ;  or,  The  Elements  of  Electrical  Engineering.  Eighth 
Edition.     8vo,  cloth.  .' $2. 50 

FLEISCHMANN,  W.     The  Book  of  the  Dairy.     A  Manual 

of  the  Science  and  Practice  of  Dairy  Work.  Translated  from 
the  German,  by  C.  M.  Aikman  and  R.  Patrick  Wright.  8vo, 
cloth $4.00 

FLEMING,    J.    A.,    Prof.      The    Alternate-current   Trans- 
former in  Theory  and  Practice.     Vol.  I.,  The  Induction  of  Electric- 
Currents;  611  pages.     New  Edition,  illustrated.     8vo,  cloth,  $5.00 
Vol.  II. ,  The  Utilization  of  Induced  Currents.     Illustrated.     8vo, 
cloth $5 .00 

Centenary    of    the    Electrical    Current,     1799- 1899. 

8vo,  paper,  illustrated 50 

Electric     Lamps    and    Electric    Lighting.     Being    a 

course  of  four  lectures  delivered  at  the  Royal  Institution,  April- 
May,  1894.     8vo,  cloth,  fully  illustrated $3 .00 

Electrical  Laboratory  Notes  an  I  Forms,  Elementary 

and  Advanced.     4to,  cloth,  illustrated $5. 00 

A  Handbook  for  the  Electrical  Laboratory  and  Test- 
ing Room.     2  volumes.     8vo,  cloth each  $5.00 

FLEURY,  H.     The  Calculus  Without  Limits  or  Infinitesi- 
mals.    Translated  by  C.  O.  Mailloux In  Press. 
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FOLEY,    N.,    and    PRAY,    THOS.,    Jr.     The    Mechanical 

Engineers'  Reference  Book  for  Machine  and  Boiler  Construction, 
in  two  parts.  Part  1 — General  Engineering  Data.  Part  2 — 
Boiler  Construction.  With  51  plates  and  numerous  illustrations, 
specially  drawn  for  this  work.     Folio,  half  morocco $25 .  00 

FORNEY,  M.  N.     Catechism  of  the  Locomotive.     Second 

Edition,  revised  and  enlarged.     46th  thousand.     8vo,  cloth.  .$3.50 

FOSTER,    J.    G.,    Gen.,    U.S.A.     Submarine    Blasting    in 

Boston  Harbor,  Massachusetts.  Removal  of  Tower  and  Corwin 
Rocks.     Illustrated  with  7  plates.     4to,  cloth $3 .  50 

FOSTER,  H.  A.     Electrical  Engineers'  Pocket-book.     With 

the  Collaboration  of  Eminent  Specialists.     A  handbook  of  useful 
data  for  Electricians  and  Electrical  Engineers.     With  innumer- 
able   tables,    diagrams,    and    figures.     Third    Edition,    revised 
Pocket  size,  full  leather,  1000  pp $5 .  00 

FOSTER,  J.     Treatise  on  the  Evaporation  of  Saccharine, 

Chemical  and  other  Liquids  by  the  Multiple  System  in  Vacuum 
and  Open  Air.  Third  Edition.  Diagrams  and  large  plates. 
8vo,  cloth $7.50 

FOX,    WM.,    and    THOMAS,    C.    W.,    M.E.     A    Practical 

Course  in  Mechanical  Drawing.  Second  Edition,  revised.  12mo, 
cloth,  with  plates $1 .  25 

FRANCIS,    J.   B.,    C.E.      Lowell    Hydraulic    Experiments. 

Being  a  selection  from  experiments  on  Hydraulic  Motors  on 
the  Flow  of  Water  over  Weirs,  in  Open  Canals  of  uniform  rect- 
angular section,  and  through  submerged  Orifices  and  diverging 
Tubes.  Made  at  Lowell,  Mass.  Fourth  Edition,  revised  and 
enlarged,  with  many  new  experiments,  and  illustrated  with  23 
copper-plate  engravings.     4to,  cloth $15 .  00 

FULLER,   G.  W.     Report  on  the  Investigations  into  the 

Purification  of  the  Ohio  River  Water  at  Louisville,  Kentucky, 
made  to  the  President  and  Directors  of  the  Louisville  Water 
Company.  Published  under  agreement  with  the  Directors. 
3  full-page  plates.     4to,  cloth net,  $10 .  00 

FURNELL,  J.      Students'  Manual  of  Paints,  Colors,  Oils 

and  Varnishes.     8vo,  cloth,  illustrated net,  $1 .00 

GARCKE,    E.,    and    FELLS,    J.    M.     Factory    Accounts: 

their  principles  and  practice.  A  handbook  for  accountants  and 
manufacturers,  with  appendices  on  the  nomenclature  of  machine 
details,  the  rating  of  factories,  fire  and  boiler  insurance,  the 
factory  and  workshop  acts,  etc.,  including  also  a  large  number 
of  specimen  rulings.  Fifth  Edition,  revised  and  extended.  8vo, 
cloth,  illustrated $3 .  00 


18  D.  VAN  NOSTRAND  COMPANY'S 

GEIPEL,   WM.,   and   KILGOUR,   M.   H.     A  Pocket-!: ook 

of  Electrical  Engineering  Formulae.     Illus.     18mo.,  mor.  .  .$3.00 

GERBER,   N.     Chemical  and  Physical  Analysis  of  Milk, 

Condensed  Milk,  and  Infants'  Milk-food.     8vo,  cloth $1.25 

GERHARD,     WM.     P.       Sanitary    Engineering.       i2mo, 

cloth $1 .  25 

GESCHWIND,  L.     Manufacture  of  Alum  and  Sulphates, 

and  other  Salts  of  Alumina  and  Iron;  their  uses  and  applications 
as  mordants  in  dyeing  and  calico  printing,  and  their  other  appli- 
cations in  the  Arts,  Manufactures,  Sanitary  Engineering,  Agri- 
culture and  Horticulture.  Translated  from  the  French  by 
Charles  Salter.  With  tables,  figures  and  diagrams.  Svo,  cloth, 
illustrated net,  $5 .  00 

GIBBS,  W.  E.     Lighting  by  Acetylene,  Generators,  Burners 

and  Electric  Furnaces.  With  66  illustrations.  Second  Edition, 
revised.     12mo,  cloth $1 .  50 

GILLMORE,   Q.   A.,   Gen.     Treatise   on  Limes,   Hydraulic 

Cements  and  Mortars.  Papers  on  Practical  Engineering,  United 
States  Engineer  Department,  No.  9,  containing  Reports  of  nu- 
merous Experiments  conducted  in  New  York  City  during  the 
years  1858  to  1861,  inclusive.  With  numerous  illustrations. 
8vo,  cloth $4 .  00 

Practical    Treatise    on    the    Construction    of    Roads, 

Streets  and  Pavements.  Tenth  Edition.  With  70  illustrations 
12mo,  cloth $2.00 

■ Report   on   Strength   of   the   Building  Stones  in   the 

United  States,  etc.     8vo,  illustrated,  cloth $1 .00 

GOLDING,   H.   A.     The   Theta-Phi  Diagram.     Practically 

Applied  to  Steam,  Gas,  Oil  and  Air  Engines.  12mo,  cloth, 
illustrated net,  $1 .  25 

GOODEVE,    T.    M.     A   Text-book    on    the    Steam-engine. 

With  a  Supplement  on  Gas-engines.  Twelfth  Edition,  enlarged. 
143  illustrations.     12mo,  cloth $2 .  00 

GORE,  G.,  F.R.S.     The  Art  of  Electrolytic  Separation  of 

Metals,  etc.  (Theoretical  and  Practical.)  Illustrated.  Svo, 
cloth $3 .  50 

GOULD,    E.    S.     The    Arithmetic    of    the    Steam-engine. 

8vo,  cloth $1 .  00 
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GOULD,  E.  S.  Practical  Hydrostatics  and  Hydrostatic  For- 
mulas. With  numerous  figures  and  diagrams  (Van  Nostrand's 
Science  Series,  No.  117.)    16mo,  cloth,  illustrated,  114  pp...    .50 

GRAY,    J.,    B.Sc.     Electrical    Influence    Machines:     Their 

Historical  Development,  and  Modern  Forms,  with  instructions 
for  making  them.  With  numerous  figures  and  diagrams.  Second 
Edition,  revised  and  enlarged.     12mo,  cloth,  illus.,  296  pp. .  .  .$2.00 

GRIFFITHS,   A.    B.,    Ph.D.     A   Treati  e    on   Manures,    or 

the  Philosophy  of  Manuring.  A  Practical  Handbook  for  the 
Agriculturist,  Manufacturer,  and  Student.     12mo,  cloth.  .  .   $3.00 

Dental    Metallurgy.      A    Manual    for    Students    and 

Dentists.     8vo,  cloth,  illustrated,  20S  pp net,  $3.50 

GROSS,    E.     Hops,    in    their   Botanical,    Agricultural    and 

Technical  Aspect,  and  as  an  article  of  Commerce.  Translated, 
from  the  German  by  Charles  Salter.  With  tables,  diagrams, 
and  illustrations.     8vo,  cloth,  illustrated net,  $4 .  50 

GROVER,    F.     Practical    Treatise    on    Modern    Gas    and 

Oil  Engines.     8vo,  cloth,  illustrated $2.00 

GRUNER,  A.  Power-loom  Weaving  and  Yarn  Number- 
ing, according  to  various  systems,  with  conversion  tables.  An 
auxiliary  and  text-book  for  pupils  of  weaving  schools,  as  well 
as  for  self-instruction,  and  for  general  use  by  those  engaged  in 
the  weaving  industry.  Illustrated  with  colored  diagrams.  8vo, 
cloth net,  $3 .00 

GURDEN,  R.  L.  Traverse  Tables:  Computed  to  Four- 
place  Decimals  for  every  single  minute  of  angle  up  to  100  of 
Distance.  For  the  use  of  Surveyors  and  Engineers.  New  Edition. 
Folio,  half  morocco $7 .  50 

GUY,    A.    E.     Experiments    on    the    Flexure    of    Beams, 

resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling. 
Reprinted  from  the  "American  Machinist."  With  diagrams  and 
folding  plates.     8vo,  cloth,  illustrated,   122  pages net,  $1.25 

GUY,  A.  F.     Electric  Light  and  Power:   Giving  the  Result 

of  Practical  Experience  in  Central-station  Work.  8vo,  cloth, 
illustrated $2 .  50 

HAEDER,  H.,  C.E.     A  Handbook  on  the  Steam-engine. 

With  especial  reference  to  small  and  medium-sized  engines.  For 
the  use  of  Engine-makers,  Mechanical  Draughtsmen,  Engineer- 
ing Students  and  Users  of  Steam  Power.  Translated  from  the 
German,  with  considerable  additions  and  alterations,  by  H.  H. 
P.  Powles.  Third  English  Edition,  revised.  8vo,  cloth,  illus- 
trated, 458  pages $3 .  00 
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HALL,    W.    S.,    Prof.     Elements   of   the   Differential    and 

Integral    Calculus.     Fourth    Edition,    revised.     8vo,    cloth,    illus- 
trated  net,  $2 .  25 

Descriptive  Geometry,  with  Numerous  Problems  and 

Practical  Applications.     Comprising  an  8vo  volume  of  76  pages 
of  text  and  a  4to  atlas  of  31  plates.     2  vols.,  cloth.  . .  .  net,  $3.50 

Postage,    0.32 

HALSEY,   F.   A.     Slide-valve    Gears.     An   Explanation    of 

the  Action  and  Construction  of  Plain  and  Cut-off  Slide  Valves. 
Illustrated.     Seventh  Edition.     12mo,  cloth $1 .  50 

The  Use  of  the  Slide  Rule.      With  illustrations  and 

folding  plates.        Second  Edition.        16mo,   boards.        (Van  Nos- 
trand's  Science  Series,  No.  114.) 50 

The   Locomotive   Link    Motion,    with   Diagrams  and 

Tables.     8vo,  cloth,  illustrated $1 .  00 

Worm    and    Spiral    Gearing.     Revised   and  Enlarged 

Edition.     16mo,  cloth  (Van  Nostrand's  Science  Series,  No.  116.) 
Illustrated __. 50 

The    Metric    Fallacy,   and   "  The    Metric    Failure    in 

the   Textile   Industry,"    by   Samuel   S.    Dale.     8vo,    cloth,  illus- 
trated    $1 .00 

HAMILTON,    W.    G.     Useful    Information    for    Railway 

Men.     Tenth  Edition,   revised  and  enlarged.     562  pages,  pocket 
form.     Morocco,  gilt $2 .  00 

HAMMER,  W.  J.  Radium,  and  Other  Radio-active  Sub- 
stances; Polonium,  Actinium  and  Thorium.  With  a  considera- 
tion of  Phosphorescent  and  Fluorescent  Substances,  the  Proper- 
ties and  Applications  of  Selenium,  and  the  treatment  of  disease 
by  the  Ultra-Violet  Light.  Second  Edition.  With  diagrams, 
engravings  and  photographic  plates.    8vo,  cloth,  illustrated,  72  p., 

$1.00 

HANCOCK,  H.  Text-book  of  Mechanics  and  Hydro- 
statics, with  over  500  diagrams.     8vo,  cloth $1 .75 

HARRISON,    W.    B.     The    Mechanics'    Tool-book.     With 

Practical   Rules   and   Suggestions   for   use   of   Machinists,    Iron- 
workers and  others.     With  44  engravings.     12mo,  cloth.  . .  .$1 .50 

HART,  J.  W.     External  Plumbing  Work.    A  Treatise  on 

Lead   Work   for  Roofs.     With  numerous  figures  and   diagrams. 
8vo  cloth,  illustrated net,  $3 .  06 
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HART,  J.  W.     Hints  to  Plumbers  on  Joint  Wiping,  Pipe 

Bending,  and  Lead  Burning.  Containing  184  figures  and  dia- 
grams.    8vo,  cloth,  illustrated net,  $3 .  00 

Principles    of    Hot-water   Supply.     With    numerous 

illustrations.     8vo,  cloth net,  $3 .  00 

Sanitary   Plumbing    and    Drainage.    With   numerous 

diagrams  and  figures.     8vo,  cloth,  illustrated net,  $3.00 

HASKINS,    C.   H.     The    Galvanometer   and   its   Uses.     A 

Manual  for  Electricians  and  Students.  Fourth  Edition.  12mo, 
cloth $1 .  50 

HAUFF,  W.  A.     American  Multiplier:   Multiplications  and 

Divisions  of  the  largest  numbers  rapidly  performed.  With  index 
giving  the  results  instantly  of  all  numbers  to  1000X1000  =  1.000,- 
000;  also  tables  of  circumferences  and  areas  of  circles.  Cloth, 
6|Xl5i $5.00 

HAUSBRAND,  E.     Drying  by  Means  of  Air  and  Steam. 

With  explanations,  formulas,  and  tables,  for  use  in  practice. 
Translated  from  the  German  by  A.  C.  Wright,  M.A.  12mo, 
cloth,  illustrated $2.00 

Evaporating,    Condensing    and    Cooling     Apparatus: 

Explanations,  Formulae,  and  Tables  for  Use  in  Practice.  Trans- 
lated from  the  Second  Revised  German  Edition  by  A.  C.  Wright, 
M.A.  With  numerous  figures,  tables  and  diagrams.  8vo,  cloth, 
illustrated,  400  pages net,  $5. 00 

HAUSNER,    A.     Manufacture    of    Preserved    Foods    and 

Sweetmeats.  A  Handbook  of  all  the  Processes  for  the  Preserva- 
tion of  Flesh,  Fruit,  and  Vegetables,  and  for  the  Preparation  of 
Dried  Fruit,  Dried  Vegetables,  Marmalades,  Fruit-syrups,  and 
Fermented  Beverages,  and  of  all  kinds  of  Candies,  Candied  Fruit, 
Sweetmeats,  Rocks,  Drops,  Dragees,  Pralines,  etc.  Translated 
from  the  Third  Enlarged  German  Edition,  by  Arthur  Morris  and 
Herbert  Robson,  B.Sc.     8vo,  cloth,  illustrated net,  $3.00 

HAWKE,  W.  H.     The  Premier  Cipher  Telegraphic  Code, 

containing  100,000  Words  and  Phrases.  The  most  complete  and 
most  useful  general  code  yet  published.     4to,  cloth $5.00 

100,000    Words    Supplement    to    the    Premier    Code. 

All  the  words  are  selected  from  the  official  vocabulary.  Oblong 
quarto,  cloth $5 .  00 

HAWKINS,   C.   C,   and  WALLIS,   F.     The  Dynamo:    its 

Theory,  Design,  and  Manufacture.  190  illustrations.  12mo, 
cloth $3 .00 
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HAY,  A.     Principles  of  Alternate-current  Working.     i2mo, 

cloth,  illustrated S2 .  00 

HEAP,    D.    P.,    Major,    U.S.A.      Electric  1   Appliances    of 

the  Present  Day.  Report  of  the  Paris  Electrical  Exposition  of 
l»5l.     250  illustrations.     8vo,  cloth $2.00 

HEAVISIDE,    0.     Electromagnetic    Theory.     8vo,    cloth, 

two  volumes each,  So .  00 

HECK,  R.  C.  H.,  Prof.  (Lehigh  University).     The  Steam- 

Engine.     A  text-book  for  Engineering  Colleges In  Press. 

HEERMANN,   P.     Dyers'   Materials.    An   Introduction   to 

the  Examination,  Valuation,  and  Application  of  the  most  impor- 
tant substances  used  in  Dyeing,  Printing,  Bleaching  and  Finish- 
ing. Translated  bv  Arthur  C.  Wright,  M.A.  12mo,  cloth,  illus- 
trated  ." net,  $2 .  50 

HENRICI,  0.     Skeleton  Structures,  Applied  to  the  Build- 
ing of  Steel  and  Iron  Bridges.     8vo,  cloth,  illustrated ,  .   SI .  50 

HERMANN,   F.     Painting    on    Glass    and    Porcelain    and 

Enamel  Painting.  On  the  basis  of  Personal  Practical  Experience 
of  the  Condition  of  the  Art  up  to  date.  Translated  by  Charles 
Salter.     Second   greatly   enlarged   edition.     8vo,   cloth,  illustrated, 

net,  S3 .  50 

HERRMANN,    G.     The   Graphical   Statics   of   Mechanism. 

A  Guide  for  the  Use  of  Machinists,  Architects  and  Engineers;  and 
also  a  Text -book  for  Technical  Schools.  Translated  and  anno- 
tated bv  A.  P.  Smith,  M.E.  Fourth  Edition.  12mo,  cloth,  7 
folding  plates $2.00 

HERZFELD,  J.,  Dr.     The  Technical  Testing  of  Yarns  and 

Textile  Fabrics,  with  reference  to  official  specifications.  Trans- 
lated by  Chas.  Salter.     With  69  illustrations.     8vri',  cloth  net,  S3 .  50 

HEWSON,    W.     Principles    and    Practice    of    Embanking 

Lands  from  River  Floods,  as  applied  to  the  Levees  of  the  Missis- 
sippi.    8vo,  cloth S2.00 

HILL,  J.  W.     The  Purification  of   Public  Water  Supplies. 

Illustrated  with  valuable  tables,  diagrams,  and  cuts.  8vo, 
cloth,  304  pages S3 .  00 

Interpretation     of     Water    Analysis.     i2mo,      cloth. 

In  Press. 
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HOBBS,  W.  R.  P.  The  Arithmetic  of  Electrical  Measure- 
ments, with  numerous  examples,  fully  worked.  Revised  by 
Richard  Wormell,  M.A.     Ninth  Edition.     12mo,  cloth 50 

HOFF,  WM.  B.,  Com.,  U.S.N.  The  Avoidance  of  Collisions 
at  Sea.     18mo,  morocco 75 

HOLLEY,  A.  L.  Railway  Practice.  American  and  Euro- 
pean Railway  Practice  in  the  Economical  Generation  of  Steam, 
including  the  Materials  and  Construction  of  Coal-burning  Boilers, 
Combustion,  the  Variable  Blast,  Vaporization,  Circulation,  Super- 
heating, Supplying  and  Heating  Feed  Water,  etc.,  and  the 
Adaptation  of  Wood  and  Coke-burning  Engines  to  Coal-burning; 
and  in  Permanent  Way,  including  Road-bed,  Sleepers,  Rails, 
Joint  Fastenings,  Street  Railways,  etc.  With  77  lithographed 
plates.     Folio,  cloth $12 .  00 

HOLMES,  A.  B.     The  Electric  Light 'Popularly  Explained. 

Fifth  Edition.     Illustrated.     12mo,  paper 40 

HOPKINS,  N.  M.     Model  Engines  and  Small  Boats.     New 

Methods  of  Engine  and  Boiler  Making,  with  a  chapter  on  Ele- 
mentary Ship  Design  and  Construction.     12mo,  cloth $1 .  25 

HOUSTON,  E.  J.,  and  KENNELLY,  A.  E.     Algebra  Made 

Easy.  Being  a  clear  explanation  of  the  Mathematical  Formulae 
found  in  Prof.  Thompson's  "Dynamo-electric  Machinery  and 
Polyphase  Electric  Currents."  With  figures  and  examples.  8vo, 
cloth,  illustrated 75 

The  Interpretation  of  Mathematical  Formulae.     With 

figures  and  examples.     8vo,  cloth,  illustrated $1.25 

HOWARD,  C.  R.     Earthwork  Mensuration  on  the  Basis 

of  the  Prismoidal  Formula^  Containing  Simple  and  Labor-saving 
Methods  of  obtaining  Prismoidal  Contents  directly  from  End 
Areas.  Illustrated  by  Examples  and  accompanied  by  Plain 
Rules  for  Practical  Use.     Illustrated.     8vo,  cloth $1 .  50 

HOWORTH,    J.     Art   of   Repairing   and   Riveting    Glass, 

China  and  Earthenware.  Second  Edition.  8vo,  pamphlet,  illus- 
trated  net,  $0.50 

HUBBARD,  E.  The  Utilization  of  Wood-waste.  A  Com- 
plete Account  of  the  Most  Advantageous  Methods  of  Working  Up 
Wood  Refuse,  especially  Sawdust,  Exhausted  Dye  Woods  and 
Tan  as  Fuel,  as  a  Source  of  Chemical  Products  for  Artificial  Wood 
Compositions,  Explosives,  Manures,  and  many  other  Technical 
Purposes.  Translated  from  the  German  of  the  second  revised 
and  enlarged  edition.     8vo,  cloth,  illustrated,  192  pages.  .  net,  $2.50 
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HUMBER,  W.,  C.E      A  Handy  Book  for  the  Calculation 

of  Strains  in  Girders,  and  Similar  Structures,  and  their  Strength; 
consisting  of  Formulae  and  Corresponding  Diagrams,  with  numer- 
ous details  for  practical  application,  etc.  Fourth  Edition.  12mo, 
cloth $2 .  50 

HURST,  G.  H.,  F.C.S.     Color.     A  Handbook  of  the  Theory 

of  Color.  A  practical  work  for  the  Artist,  Art  Student,  Painter, 
Dyer  and  Calico  Printer,  and  Others.  Illustrated  with  10  colored 
plates  and  72  illustrations.     8vo,  cloth net,  $2 .  50 

Dictionary    of    Chemicals    and    Raw    Products    Used 

in  the  Manufacture  of  Paints,  Colors,  Varnishes  and  Allied  Prep- 
arations.    8vo,  cloth net,  $3 .  00 

Lubricating   Oils,    Fats   and    Greases:     Their.  Origin, 

Preparation,  Properties,  Uses  and  Analysis.  313  pages,  with 
65  illustrations.     8vt>,  cloth net,  $3 .  00 

Soaps.     A  Practical  Manual  of  the  Manufacture   of 

Domestic,  Toilet  and  other  Soaps.  Illustrated  with  66  engrav- 
ings.    8vo,  cloth net,  $5 .  00 

■ Textile  Soaps  and  Oils :  A  Handbook  on  the  Prepara- 
tion, Properties,  and  Analysis  of  the  Soaps  and  Oils  Used  in 
Textile  Manufacturing,  Dyeing  and  Printing.     With  tables  and 
,     illustrations.     8vo,  cloth net,  $2.50 

HUTCHINSON,  W.  B.     Patents  and  How  to  Make  Money 

out  of  Them.     12mo,  cloth $1 .  25 

HUTTON,  W.  S.     Steam-boiler  Construction.     A  Practical 

Handbook  for  Engineers,  Boiler-makers  and  Steam-users.  Con- 
taining a  large  collection  of  rules  and  data  relating  to  recent 
practice  in  the  design,  construction  and  working  of  all  kinds 
of  stationary,  locomotive  and  marine  steam-boilers.  With  up- 
wards of  540  illustrations.  Fourth  Edition,  carefully  revised  and 
much  enlarged.     8vo,  cloth $6 .  00 

Practical  Engineer's  Handbook,  comprising  a  Treatise 

on  Modern  Engines  and  Boilers,  Marine,  Locomotive  and  Station- 
ary. Fourth  Edition,  carefully  revised,  with  additions.  With 
upwards  of  570  illustrations.     8vo,  cloth $7 .  00 

The  Works'  Manager's  Han  book  of  Modern  Rules, 

Tables  and  Data  for  Civil  and  Mechanical  Engineers,  Millwrights 
and  Boiler-makers,  etc.,  etc.  With  upwards  of  150  illustrations. 
Fifth  Edition,  carefully  revised,  with  additions.     8vo,  cloth. .  .   $6 .  00 

INGLE,    H.     Manual    of    Agricultural    Chemistry.     8vo, 

cloth,  illustrated,  388  pages net,  $3 .  00 
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INNES,    C.   H.     Problems   in   Machine    Design,     For   the 

use  of  Students,  Draughtsmen  and  others.  Second  Edition,  12mo, 
cloth net,  $2.00 

Centrifugal  Pumps,  Turbines  and  Water  Motors.  In- 
cluding the  Theory  and  Practice  of  Hydraulics.  Third  and  enlarged 
edition.     12mo,  cloth net,  $2 .  00 

ISHERWOOD,  B.  F.     Engineering  Precedents  for  Steam 

Machinery.  Arranged  in  the  most  practical  and  useful  manner 
for  Engineers.  With  illustrations.  Two  volumes  in  one.  8vo, 
cloth $2.50 

JAMIESON,  A.,  C.E.  A  T  xt-book  n  Steam  and  Steam- 
engines  Specially  arranged  for  the  use  of  Science  and  Art,  City 
and  Guilds  of  London  Institute,  and  other  Engineering  Students. 
Thirteenth  Edition.     Illustrated.     12mo,  cloth $3.00 

Elementary  Manual  on  Steam  and  the  Steam-engine. 

Specially  arranged  for  the  use  of  First-year  Science  and  Art,  City 
and  Guilds  of  London  Institute,  and  other  Elementary  Engineer- 
ing Students.     Third  Edition.     12mo,  cloth $1 .  50 

JANNETTAZ,  E.     A  Guide  to  the  Determination  of  Rocks: 

being  an  Introduction  to  Lithology.  Translated  from  the  French 
by  G.  W.  Plympton,  Professor  of  Physical  Science  at  Brooklyn 
Polytechnic  Institute.     12mo,  cloth $1 .  50 

JEHL,  F.,  Mem.  A.I.E.E.      The  Manufacture  of  Carbons 

for  Electric  Lighting  and  Other  Purposes.  A  Practical  Handbook, 
giving  a  complete  description  of  the  art  of  making  carbons,  electros, 
etc.  The  various  gas  generators  and  furnaces  used  in  carbonizing, 
with  a  plan  for  a  model  factory.  Illustrated  with  numerous  dia- 
grams, tables  and  folding  plates.     8vo,  cloth,  illustrated. ...   $4 .  00 

JENNISON,   F.   H.     Th3   Manufacture   of  Lake   Pigments 

from  Artificial  Colors.  A  useful  handbook  for  color  manufac- 
turers, dyers,  C)lor  chemists,  paint  manufacturers,  drysalters, 
wallpaper-makers,  enamel  and  surface-paper  makers.  With  15 
plates  illustrating  the  various  methods  and  errors  that  arise  in 
the  different  processes  of  production.     8vo,  cloth net,  $3 .  00 

JOHNSON,  W.  McA.    "The  Metallurgy  of  Nickel."  In  Press. 

JOHNSTON,  J.  F.  W.,  Prof.,   and  CAMERON,  Sir  Chas. 

Elements  of  Agricultural  Chemistry  and  Geology.  Seventeenth 
Edition.     12mo,  cloth $2 .  60 

JONES,    H.     C.       Outlines    of    Electrochemistry.       With 

tables  and  diagrams.     4to,  cloth,  illustrated $1 .  50 
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JONES,  M.  W.  The  Testing  and  Valuation  of  Raw  Mate- 
rials used  in  Paint  and  Color  Manufacture.     12mo,  cloth, .  net,  $2 .  00 

JOYNSON,    F.    H.     The    Metals    Used    in     Construction. 

Iron,  Steel,  Bessemer  Metal,  etc.     Illustrated;     12mo,  cloth. .  .    .75 

Designing    and    Construction    of    Machine     Gearing. 

Illustrated.     8vo,  cloth $2. 00 

JUPTNER,  H.   F.  V.     Siderology:    The  Science  of  Iron. 

(The  Constitution  of  Iron  Alloys  and  Iron.)  Translated  from 
the  German.     8vo,  cloth,  345  pages,  illustrated net,  $5 .  00 

KANSAS    CITY    BRIDGE,    THE.     With    an    Account    of 

the  Regimen  of  the  Missouri  River  and  a  Description  of  the 
Methods  used  for  Founding  in  that  River,  by  O.  Chanute,  Chief 
Engineer,  and  George  Morison,  Assistant  Engineer.  Illustrated 
with  5  lithographic  views  and  12  plates  of  plans.     4to,  cloth.    $6 .  00 

KAPP,    G.,    C.E.     Electric    Transmission    of   Energy    and 

its  Transformation,  Subdivision  and  Distribution.  A  practical 
handbook.     Fourth  Edition,  revised.     12mo,  cloth $3 .  50 

Dynamos,  Motors,  Alternators  and  Rotary  Con- 
verters. Translated  from  the  third  German  edition,  by  Harold 
H.  Simmons,  A.M.I.E.E.  With  numerous  diagrams  and  figures. 
8vo,  cloth,  507  pages $4. 00 

KEIM,    A.   W.      Prevention    of    Dampness    in    Buildings. 

With  Remarks  on  the  Causes,  Nature  and  Effects  of  Saline  Efflo- 
rescences and  Dry  Rot.  For  Architects,  Builders,  Overseers, 
Plasterers,  Painters  and  House  Owners.  Translated  from  the 
second  revised,  German  edition.  With  colored  plates  and  dia- 
grams.    8vo,  cloth,  illustrated,  115  pages net,  $2 .  00 

KELSEY,     W.     R.      Continuous-current     Dynamos    and 

Motors,  and  their  Control:  being  a  series  of  articles  reprinted 
from  The  Practical  Engineer,  and  completed  by  W.  R.  Kelsey. 
With  many  figures  and  diagrams.     8vo,  cloth,  illustrated.  .  .$2.50 

KEMP,  J.  F.,  A.B.,  E.M.     A  Handbook  of  Rocks.    For  Use 

without  the  microscope.     With  a  glossary  of  the  names  of  rocks 

and  of  other  lithological  terms,     cvo,  cloth,  illustrated $1 .  50 

Third  Edition,  revised. 

KEMPE,   H.   R.     The   Electrical   Engineer's   Pocket-book 

of  Modern  Rules,  Formulae,  Tables  and  Data.  Illustrated. 
32mo,  morocco,  gilt $1 .  75 
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KENNEDY,  R.     Modern  Engines  and  Power  Generators. 

Vol.  I.  A  Practical  Work  on  Prime  Movers  and  the  Transmission 
of  Power:  Steam,  Electric,  Water,  and  Hot-air.  With  tables, 
figures,  and  full-page  engravings.     4to,  cloth,  illustrated.  .    $3.50 

KENNEDY,  R.    Electrical  Installations  of  Electric  Light, 

Power,  Traction,  and  Industrial  Electrical  Machinery.  With  nu- 
merous diagrams  and  engravings. 

Vol.  I.  The  Electrical  Circuit,  Measurement,  Ele- 
ments of  Motors,  Dynamos,  Electrolysis.      8vo,  cloth,  illus.  .  $3.50 

Vol.  II.  Instruments,  Transformers,  Installation  Wir- 
ing, Switches  and  Switchboards.     8vo,  cloth,  illustrated.  . .  .   $3.50 

Vol.   III.      Production    of    Electrical   Energy,   Prime 

Movers,  Generators  and  Motors.     8vo,  cloth,  illustrated.  .  .  $3.50 

Vol.  IV.  Mechanical  Gearing ;  Complete  Electric  In- 
stallations; Electrolytic,  Mining  and  Heating  Apparatus;  Electric 
Traction;  Special  Applications  of  Electric  Motors.  8vo,  cloth, 
illustrated $3.50 

Vol.  V.    Apparatus  and  Machinery  used  in  Telegraphs, 

Telephones,  Signals,  Wireless  Telegraph,  X-Rays,  and  Medical 
Science.     8vo,  cloth,  illustrated $3 .  50 

KENNELLY,  A.  E.  Theoretical  Elements  of  Electro- 
dynamic  Machinery.     8vo,  cloth $1 .  50 

KILGOUR,  M.  H.,  SWAN,  H.,  and  BIGGS,  C.  H.  W.  Elec- 
trical Distribution:  its  Theory  and  Practice.  174  illustrations. 
12mo,  cloth $4 .  00 

KING,   W.   H.     Lessons   and   Practical   Notes   on   Steam, 

the  Steam-engine,  Propellers,  etc.,  for  Young  Marine  Engineers, 
Students  and  others.  Revised  by  Chief  Engineer  J.  W.  King, 
United  States  Navy.     19th  Edition,  enlarged.     8vo,  cloth. .  .  .  $2 .  00 

KINGDON,   J.   A.     Applied  Magnetism.     An  Introduction 

to  the  Design  of  Electromagnetic  Apparatus.     8vo,  cloth.  .   $3.00 

KIRKALDY,    W.    G.     Illustrations    of    David    Kirkaldy's 

System  of  Mechanical  Testing,  as  Originated  and  Carried  on  by 
him  during  a  Quarter  of  a  Century.  Comprising  a  Large  Selec- 
tion of  Tabulated  Results,  showing  the  Strength  and  other  Proper- 
ties of  Materials  used  in  Construction,  with  Explanatory  Text 
and  Historical  Sketch.  Numerous  engravings  and  25  lithographed 
plates.     4to,  cloth $20 .  00 
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KIRKBRIDE,   J.     Engraving  for  Illustration:    H:storical 

and  Practical  Notes,  with  illustrations  and  2  plates  by  ink 
photo  process.     8vo,  cloth,  illustrated,  72  pages net,  $1 .  50 

KIRKWOOD,   J.   P.     Report   on   the   Filtration   of  River 

Waters  for  the  Supply  of  Cities,  as  practised  in  Europe,  made 
to  the  Board  of  Water  Commissioners  of  the  City  of  St.  Louis. 
Illustrated  by  30  double-page  engravings.     4to,  cloth  ....    $7.50 

KLEIN,    J.    F,      Design    of    a   High-speed   Steam-engine. 

With  notes,  diagrams,  formulas  and  tables.  Second  Edition, 
revised  and  enlarged.     8vo,  cloth,  illustrated,  257  pages,  .net,  $5.00 

KNIGHT,  A.  M.,  Lieut.-Com.  U.S.N.  Modern  Seaman- 
ship.    Illustrated  with  136  full-page  plates  and  diagrams.     8vo, 

cloth,  illustrated.     Second  Edition,  revised net,  $6.00 

Half  morocco $7 .  50 

KNOTT,  C.  G.,  and  MACKAY,  J.  S.     Practical  Mathematics. 

With  numerous  examples,  figures  and  diagrams.  New  Edition. 
8vo,  cloth,  illustrated $2 .  00 

KOLLER,    T.     The    Utilization    of    Waste    Products.     A 

Treatise  on  the  Rational  Utilization,  Recovery  and  Treatment 
of  Waste  Products  of  all  kinds.  Translated  from  the  German 
second  revised  edition.  With  numerous  diagrams.  8vo,  cloth, 
illustrated,  230  pages net,  $3 .  50 

Cosmetics.  A  Handbook  of  the  Manufacture,  Em- 
ployment and  Testing  of  all  Cosmetic  Materials  and  Cosmetic 
Specialties.  Translated  from  the  German  by  Chas.  Salter.  8vo, 
cloth net,  $2. 50 

KRAUCH,    C.,    Dr.     Testing    of    Chemical    Reagents    for 

Purity.  Authorized  translation  of  the  Third  Edition,  by  J.  A. 
Williamson  and  L.  W.  Dupre.  With  additions  and  emendations 
by  the  author.     8vo,  cloth net,  $4.50 

LAMBERT,   T.     Lead,  and  its  Compounds,    With  tables, 

diagrams  and  folding  plates.     8vo,  cloth,  22S  pages.  .  .  .net,  $3.50 

Bone     Products     and     Manures.       An     Account     of 

the  most  recent  improvements  in  the  manufacture  of  Fat,  Glue, 
Animal  Charcoal,  Size,  Gelatine  and  Manures.  With  plans  and 
diagrams.     8vo,  cloth,  illustrated net,  $3 .  00 

LAMBORN,  L.  L.     Cotton-seed  Products.     With  numerous 

diagrams  and  engravings In  Press. 
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LAMPRECHT,    R.     Recovery   Work    after   Pit   Fires.     A 

description  of  the  principal  methods  pursued,  especially  in  fiery 
mines,  and  of  the  various  appliances  employed,  such  as  respira- 
tory and  rescue  apparatus,  dams,  etc.  With  folding  plates  and 
diagrams.  Translated  from  the  German  by  Charles  Salter.  8vo, 
cloth,  illustrated net,  $4 .  00 

LARRABEE,  C.  S.  Cipher  and  Secret  Letter  and  Tele- 
graphic Code,  with  Hog's  Improvements.  The  most  perfect 
Secret  Code  ever  invented  or  discovered.  Impossible  to  read 
without  the  key.     18mo,  cloth 60 

LASSAR-COHN,  Dr.  An  Introduction  to  Modern  Scien- 
tific Chemistry,  in  the  form  of  popular  lectures  suited  to  University 
Extension  Students  and  general  readers.  Translated  from  the 
author's  corrected  proofs  for  the  second  German  edition,  by 
M.  M.  Pattison  Muir,  M.A.     12mo,  cloth,  illustrated $2.00 

LEASK,  A.  R.     Breakdowns  at  Sea  and  How  to  Repair 

Them.     With  89  illustrations.     Second  Edition.     8vo,  cloth.  $2.00 

Triple  and  Quadruple  Expansion  Engines  and  Boilers 

and  their  Management.  With  59  illustrations.  Third  Edition, 
revised.     12mo,  cloth $2 .  00 

Refrigerating  Machinery:  Its  Principles  and  Man- 
agement.    With  64  illustrations.     12mo,  cloth $2.00 

LECKY,    S.   T.   S.     "Wrinkles"   in   Practical   Navigation. 

With  130  illustrations.  8vo,  cloth.  Fourteenth  Edition,  revised 
and  enlarged $9 .  00 

LEFEVRE,  L.     Architectural  Pottery:  Bricks,  Tiles,  Pipes, 

Enameled  Terra-Cottas,  Ordinary  and  Incrusted  Quarries,  Stone- 
ware Mosaics,  Faiences  and  Architectural  Stoneware.  With 
tables,  plates  and  950  cuts  and  illustrations.  With  a  preface  by 
M.  J.-C.  Formige.  Translated  from  the  French,  by  K.  H.  Bird, 
M.A.,  and  W.  Moore  Binns.     4to,  cloth,  illustrated net,  $7. 50 

LEHNER,  S.  Ink  Manufacture :  including  Writing,  Copy- 
ing, Lithographic,  Marking,  Stamping  and  Laundry  Inks.  Trans- 
lated from  the  fifth  German  edition,  by  Arthur  Morris  and 
Herbert  Robson,  B.Sc.      8vo,  cloth,  illustrated net,  $2.50 

LEMSTROM,  Dr.  Electricity  in  Horticulture.  Illus- 
trated  In 


LEVY,  C.  L.  Electric-light  Primer.  A  simple  and  com- 
prehensive digest  of  all  the  most  important  facts  connected  with 
the  running  of  the  dynamo,  and  electric  lights,  with  precautions 
for  safety.  For  the  use  of  persons  whose  duty  it  is  to  look  after 
the  plant.     8vo,  paper 50 
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LIVACHE,  ACH.  (Ingenieur  Civil  des  Mines).  The  Man- 
ufacture of  Varnishes,  Oil  Crushing,  Refining  and  Boiling,  and 
Kindred  Industries.  Describing  the  Manufacture  and  Chemical 
and  Physical  Properties  of  Spirit  Varnishes  and  Oil  Varnishes; 
Raw  Materials;  Resins;  Solvents  and  Coloring  Principles;  Dry- 
ing Oils,  their  Extraction,  Properties  and  Applications;  Oil 
Refining  and  Boiling;  The  Manufacture,  Employment  and  Test- 
ing of  Various  Varnishes.  Translated  from  the  French,  by  John 
Geddes  Mcintosh.  Greatly  extended  and  adapted  to  English 
practice.  With  numerous  original  recipes  by  the  translator. 
Illustrated  with  cuts  and  diagrams.     8vo,  cloth net,  So. 00 

LIVERMORE,  V.  P.,  and  WILLIAMS,  J.     How  to  Become 

a  Competent  Motorman.  Being  a  Practical  Treatise  on  the 
Proper  Method  of  Operating  a  Street  Railway  Motor  Car;  also 
giving  details  how  to  overcome  certain  defects.  16mo,  cloth, 
illustrated,  132  pages SI .  00 

LOBBEN,  P.,  M.E.  Machinists'  and  Draftsmen's  Hand- 
book, containing  Tables,  Rules,  and  Formulas,  with  numerous 
examples,  explaining  the  principles  of  mathematics  and  mechanics, 
as  applied  to  the  mechanical  trades.  Intended  as  a  reference  book 
for  all  interested  in  Mechanical  work.  Illustrated  with  many 
cuts  and  diagrams.     8vo,  cloth $2 .  50 . 

LOCKE,  A.   G.   and  C.   G.     A  Practical    Treatise   on    the 

Manufacture  of  Sulphuric  Acid.  With  77  constructive  plates, 
drawn  to  scale  measurements,  and  other  illustrations.  Roval 
8vo,  cloth S10  .'00 

LOCKERT,  L.     Petroleum  Motor-cars.     12m o,  cloth,  $1.50 

LOCKWOOD,  T.  D.  Electricity,  Magnetism,  and  Electro- 
telegraphy.  A  Practical  Guide  for  Students,  Operators,  and 
Inspectors.     8vo,  cloth.     Third  Edition 82  50 

Electrical  Measurement   and  the   Galvanometer:    its 

Construction  and  Uses.  Second  Edition.  32  illustrations.  12mo, 
cloth SI .  50 

LODGE,  O.  J.  Elementary  Mechanics,  including  Hydro- 
statics and  Pneumatics.     Revised  Edition.     12mo,  cloth  ...    $1 .50 

Signalling   Across   Space,   Without    Wires:     being   a 

description  of  the  work  of  Hertz  and  his  successors.  With  numer- 
ous diagrams  and  half-tone  cuts,  and  additional  remarks  con- 
cerning the  application  to  Telegraphv  and  later  developments. 
Third  Edition.     8vo,  cloth,  illustrated." net,  $2 .  00 
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LORD,  R.  T.     Decorative  and  Fancy  Fabrics.     A  Valuable 

Book  with  designs  and  illustrations  for  manufacturers  and  de- 
signers of  Carpets,  Damask,  Dress  and  all  Textile  Fabrics.  8vo, 
cloth,  illustrated. net,  $3 .  50 

LORLNG,    A.    E.      A   Handbook    of   the    Electro-magnetic 

Telegraph.     16mo,  cloth,  boards.     New  and  enlarged  edition .  .    .50 

LUCE,    S.    B.,    Com.     Text-book    of    Seamanship.      The 

Equipping  and  Handling  of  Vessels  under  Sail  or  Steam.  For 
the  use  of  the  U.  S.  Naval  Academy.  Revised  and  enlarged 
edition,  by  Lieut.  Wm.  S.  Benson.     8vo,  cloth,  illustrated.  .   $10 .  00 

LUCKE,  C.  E.,  Prof.  Columbia  Univ.     Gas  Engine  Design. 

LUNGE,   G.,   Ph.D.      Coal-tar  and  Ammonia:    being  the 

third  and  enlarged  edition  of  "A  Treatise  on  the  Distillation  of 
Coal-tar  and  Ammoniacal  Liquor,"  with  numerous  tables,  figures 
and  diagrams.     Thick  8vo,  cloth,  illustrated. net,  $15.00 

A  Theoretical  and  Practical  Treatise  on  the  Man- 
ufacture of  Sulphuric  Acid  and  Alkali  with  the  Collateral  Branches. 

Vol.  I.  Sulphuric  Acid.   In  two  parts,  not  sold  separately. 

Second  Edition,  revised  and  enlarged.   342  illus.   Svo,  cloth .  .  $15 .  00 

Vol.  II.   Salt  Cake,  Hydrochloric   Acid   and  Leblanc 

Soda.     Second  Edition,  revised  and  enlarged.     8vo,  cloth .  .  .  $15 .  00 

Vol.  III.    Ammonia  Soda,  and  various  other  processes 

of  Alkali-making,  and  the  preparation  of  Alkalis,  Chlorine  and 
Chlorates,  by  Electrolysis.    Svo,  cloth.    New  Edition,  1896.  .  $15.00 

and  HURTER,  F.      The  Alkali   Maker's  Handbook. 

Tables  and  Analytical  Methods  for  Manufacturers  of  Sulphuric 
Acid,  Nitric  Acid,  Soda,  Potash  and  Ammonia.  Second  Edition. 
12mo,  cloth $3 .  00 

LUPTON,  A.,  PARR,  G.  D.  A.,  and  PERKIN,  H.  Elec- 
tricity as  Applied  to  Mining.  With  tables,  diagrams  and  folding 
plates.     8vo,  cloth,  illustrated,  2S0  pages net,  $3 .  50 

LUQUER,    L.    M.,    Ph.D.     Minerals    in    Rock    Sections. 

The  Practical  Method  of  Identifying  Minerals  in  Rock  Sections 
with  the  Microscope.  Especially  arranged  for  Students  in  Techni- 
cal and  Scientific  Schools.     Svo,  cloth,  illustrated: net,  $1 .  50 

MACCORD,    C.   W.,    Prof.     A   Practical   Treatise    on   the 

Slide-valve  by  Eccentrics,  examining  by  methods  the  action  of 
the  Eccentric  upon  the  Slide-valve,  anol  explaining  the  practical 
processes  of  laying  out  the  movements,  adapting  the  Valve  for 
its  various  duties  in  the  Steam-engine.  Second  Edition.  Illus- 
trated.    4to,  cloth $2 .  50 
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MACKIE,    JOHN.     How   to   Make    a   Woolen   Mill   Pay. 

8vo,  cloth net,  $2 .  00 

MACKROW,  C.     The  Naval  Architect's  and  Ship-builder's 

Pocket-book  of  Formulae,  Rules,  and  Tables;  and  Engineers'  and 
Surveyors'  Handy  Book  of  Reference.  Eighth  Edition,  revised 
and  enlarged.     16mo,  limp  leather,  illustrated $5.00 

MAGUIRE,   E.,    Capt.,    U.S.A.     The   Attack   and   Defence 

of  Coast  Fortifications.  With  maps  and  numerous  illustrations, 
8vo,  cloth $2. 50 

MAGUIRE,    WM.    R.     Domestic    Sanitary    Drainage    and 

Plumbing  Lectures  on  Practical  Sanitation.  332  illustrations. 
8vo $4 .  00 

MAILLOUX,    C.    0.      Electro-traction    Machinery.      8vo, 

cloth,  illustrated In  Press. 

MARKS,    E.    C.    R.     Mechanical    Engineering    Materials: 

Their  Properties  and  Treatment  in  Construction.  12mo,  cloth, 
illustrated _ 60. 

Notes    on    the    Construction    of    Cranes    and    Lifting 

Machinery.  With  numerous  diagrams  and  figures.  New  and 
enlarged  edition.     12mo,  cloth net,  $1 .  50 

Notes  on  the  Construction  and  Working  of  Pumps. 

With  figures,  diagrams  and  engravings.  12mo,  cloth,  illus- 
trated  net,  $1 .  50 

MARKS,  G.  C.  Hydraulic  Power  Engineering.  A  Prac- 
tical Manual  on  the  Concentration  and  Transmission  of  Power 
by  Hydraulic  Machinery.  With  over  200  diagrams  and  tables 
8vo,  cloth,  illustrated $3 .  50 

MAVER,  W.     American  Telegraphy:    Systems,  Apparatus, 

Operation.     450  illustrations.     8vo,  cloth. $5.00 

MAYER,  A.  M.,  Prof.  Lecture  Notes  on  Physics.  8vo, 
cloth $2. 00 

McCULLOCH,   R.   S.,   Prof.     Elementary  Treatise   on  the 

Mechanical  Theory  of  Heat,  and  its  application  to  Air  and  Steam- 
engines.     8vo,  cloth $3 .  50 

McINTOSH,  J.  G.    Technology  of  Sugar.   A  Practical  Treatise 

on  the  Manufacture  of  Sugar  from  the  Sugar-cane  and  Sugar- 
beet.    With  diagrams  and  tables.    8vo,  cloth,  illustrated .  net,  $4 .  50 
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McNEILL,    B.     McNeill's    Code.     Arranged    to    meet    the 

requirements  of  Mining,  Metallurgical  and  Civil  Engineers,  Direc- 
tors of  Mining,  Smelting  and  other  Companies,  Bankers,  Stock 
and  Share  Brokers,  Solicitors,  Accountants,  Financiers  and 
General  Merchants.     Safety  and  Secrecy.     8vo,  cloth.  ...   $6.00 

McPHERSON,    J.    A.,    A.    M.    Inst.    C.    E.     Waterworks 

Distribution.  A  practical  guide  to  the  laying  out  of  systems  of 
distributing  mains  for  the  supply  of  water  to  cities  and  towns. 
With  tables,  folding  plates  and  numerous  full-page  diagrams. 
8vo,  cloth,  illustrated $2. 50 

MERRITT,  WM.  H.     Field  Testing  for  Gold  and  Silver. 

A  Practical  Manual  for  Prospectors  and  Miners.  With  numerous 
half-tone  cuts,  figures  and  tables.  16mo,  limp  leather,  illus- 
trated    $1 . 50 

METAL  TURNING.  By  a  Foreman  Pattern-maker.  Illus- 
trated with  81  engravings.     12mo,  cloth $1 .  50 

MICHELL,  S.  Mine  Drainage:  being  a  Complete  Prac- 
tical Treatise  on  Direct-acting  Underground  Steam  Pumping 
Machinery.  Containing  many  folding  plates,  diagrams  and 
tables.  Second  Edition,  rewritten  and  enlarged.  Thick  8vo, 
cloth,  illustrated $10 .  00 

MIERZINSKI,  S.,  Dr.  Waterproofing  of  Fabrics.  Trans- 
lated from  the  German  by  Arthur  Morris  and  Herbert  Robson. 
With  diagrams  and  figures.     8vo,  cloth,  illustrated.  .  .  net,  $2.50 

MILLER,  E.  H.  Quantitative  Analysis  for  Mining  Engi- 
neers.    8vo,  cloth net,  $1 .  50 

MINIFIE,    W.     Mechanical    Drawing.     A    Text-book    of 

Geometrical  Drawing  for  the  use  of  Mechanics  and  Schools,  in 
wjhich  the  Definitions  and  Rules  of  Geometry  are  familiarly  ex- 
plained; the  Practical  Problems  are  arranged  from  the  most 
simple  to  the  more  complex,  and  in  their  description  technicalities 
are  avoided  as  much  as  possible.  With  illustrations  for  drawing 
Plans,  Sections,  and  Elevations  of  Railways  and  Machinery;  an 
Introduction  to  Isometrical  Drawing,  and  an  Essay  on  Linear 
Perspective  and  Shadows.  Illustrated  with  over  200  diagrams 
engraved  on  steel.  Tenth  Thousand,  revised.  With  an  Appen- 
dix on  the  Theory  and  Application  of  Colors.     8vo,  cloth.  .   $4.00 

• Geometrical    Drawing.      Abridged    from    the    octavo 

edition,  for  the  use  of  schools.  Illustrated  with  43  steel  plates. 
Ninth  Edition.     12mo,  cloth $2.00 
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MODERN   METEOROLOGY.     A   Series   of   Six   Lectures, 

delivered  under  the  auspices  of  the  Meteorological  Society  in 
1870.     Illustrated.     12mo,  cloth $1 .  50 

MOORE,  E.  C.  S.  New  Tables  for  the  Complete  Solu- 
tion of  Ganguillet  and  Kutter's  Formula  for  the  flow  of  liquids  in 
open  channels,  pipes,  sewers  and  conduits.  In  two  parts.  Part  I, 
arranged  for  1080  inclinations  from  1  over  1  to  1  over  21,120  for 
fifteen  different  values  of  (n).  Part  II,  for  use  with  all  other 
values  of  (n).  With  large  folding  diagram.  8vo,  cloth,  illus- 
trated  net,  $5 .  00 

MOREING,  C.  A.,  and  NEAL,  T.     New  General  and  Mining 

Telegraph  Code.  676  pages,  alphabetically  arranged.  For  the 
use  of  mining  companies,  mining  engineers,  stock  brokers,  financial 
agents,  and  trust  and  finance  companies.  Eighth  Edition.  8vo, 
cloth $5. 00 

MOSES,  A.  J.,  and  PARSONS,  C.  L.  Elements  of  Miner- 
alogy, Crystallography  and  Blowpipe  Analysis  from  a  Practical 
Standpoint.     Second  Thousand.     8vo,  cloth,  336  illus. .  net,  $2.00 

MOSES,  A.  J.  The  Characters  of  Crystals.  An  Intro- 
duction to  Physical  Crystallography,  containing  321  illustrations 
and  diagrams.     8vo,  211  pages net,  $2 .  00 

MOSS,  S.  A.     The  Lay-out  of  Corliss  Valve  Gears.     (Van 

Nostrand's  Science  Series,  No.  119.)     16mo,  cloth,  illus .50 

MULLIN,  J.  P.,  M.E.  Modern  Moulding  and  Pattern- 
making.  A  Practical  Treatise  upon  Pattern-shop  and  Foundry 
Work:  embracing  the  Moulding  of  Pulleys,  Spur  Gears,  Worm 
Gears,  Balance-wheels,  Stationary  Engine  and  Locomotive 
Cylinders,  Globe  Valves,  Tool  Work,  Mining  Machinery,  Screw 
Propellers,  Pattern-shop  Machinery,  and  the  latest  improve- 
ments in  English  and  American  Cupolas;  together  with  a  large 
collection  of  original  and  carefully  selected  Rules  and  Tables 
for  every-day  use  in  the  Drawing  Office,  Pattern-shop  and  Foundry. 
12mo,  cloth,  illustrated $2 .  50 

MUNRO,  J.,  C.E.,  and  JAMIESON,  A.,  C.E.  A  Pocket- 
book  of  Electrical  Rules  and  Tables  for  the  use  of  Electricians 
and  Engineers.  Fifteenth  Edition,  revised  and  enlarged.  With 
numerous  diagrams.     Pocket  size.     Leather $2 .  50 

MURPHY,  J.  G.,  M.E.     Practical  Mining.     A  Field  Manual 

for  Mining  Engineers.  With  Hints  for  Investors  in  Mining 
Properties.     16mo,  morocco  tucks $1 .00 


SCIENTIFIC  PUBLICATIONS.  35 

NAQUET,  A.     Legal  Chemistry.     A  Guide  to  the  Detection 

of  Poisons,  Falsification  of  Writings,  Adulteration  of  Alimentary 
and  Pharmaceutical  Substances,  Analysis  of  Ashes,  and  Exami- 
nation of  Hair,  Coins,  Arms  and  Stains,  as  applied  to  Chemical 
Jurisprudence,  for  the  use  of  Chemists,  Physicians,  Lawyers, 
Pharmacists  and  Experts.  Translated,  with  additions,  including 
a  list  of  books  and  memoirs  on  Toxicology,  etc.,  from  the  French, 
by  J.  P.  Battershall,  Ph.D.,  with  a  Preface  by  C.  F.  Chandler, 
Ph.D.,  M.D.,  LL.D.      12mo,  cloth $2.00 

NASMITH,    J.     The    Student's    Cotton    Spinning.     Third 

Edition,  revised  and  enlarged.  8vo,  cloth,  622  pages,  250  illus- 
trations    $3.00 

NEUBURGER,    H.,    and   NOALHAT,    H.     Technology    of 

Petroleum.  The  Oil  Fields  of  the  World:  their  History,  Geog- 
raphy and  Geology.  Annual  Production,  Prospection  and  Develop- 
ment; Oil-well  Drilling;  Transportation  of  Petroleum  by  Land 
and  Sea.  Storage  of  Petroleum.  With  153  illustrations  and  25 
plates.  Translated  from  the  French,  by  John  Geddes  Mcintosh. 
8vo,  cloth,  illustrated net,  $10 .  00 

NEW  ALL,  J.  W.     Plain  Practical  Directions  for  Drawing, 

Sizing  and  Cutting  Bevel-gears,  showing  how  the  Teeth  may 
be  cut  in  a  Plain  Milling  Machine  or  Gear  Cutter  so  as  to  give 
them  a  correct  shapa  from  end  to  end;  and  showing  how  to  get 
out  all  particulars  for  the  Workshop  without  making  any  Draw- 
ings. Including  a  Full  Set  of  Tables  of  Reference.  Folding 
plates.     8vo,  cloth $1 .  50 

NEWLANDS,  J.     The  Carpenters'  and  Joiners'  Assistant: 

being  a  Comprehensive  Treatise  on  the  Selection,  Preparation 
and  Strength  of  Materials,  and  the  Mechanical  Principles  of 
Framing,  with  their  application  in  Carpentry,  Joinery  and 
Hand-railing;  also,  a  Complete  Treatise  on  Sines;  and  an  Illus- 
trated Glossary  of  Terms  used  in  Architecture  and  Building. 
Illustrated.     Folio,  half  morocco $15 .  00 

NIPHER,  F.  E.,  A.M.     Theory  of  Magnetic  Measurements, 

with  an  Appendix  on  the  Method  of  Least  Squares.  12mo, 
cloth $1 .  00 

NUGENT,   E.     Treatise   on   Optics;    or,   Light   and   Sight 

Theoretically  and  Practically  Treated,  with  the  Application  to 
Fine  Art  and  Industrial  Pursuits.  With  103  illustrations.  12mo, 
cloth $1 .  50 

O'CONNOR,  H.  The  Gas  Engineer's  Pocket-book.  Com- 
prising Tables,  Notes  and  Memoranda  relating  to  the  Manu- 
facture, Distribution  and  Use  of  Coal-gas  and  the  Construction 
of  Gas-works.  Second  Edition,  revised.  12mo,  full  leather,  gilt 
edges $3 .  50 
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OLSEN,  J.  C,  Prof.     Text-book  of  Quantitative  Chemica1 

Analysis  by  Gravimetric,  Electrolytic,  Volumetric  and  Gasometric 
Methods.  With  Seventy-two  Laboratory  Exercises  giving  the 
Analysis  of  Pure  Salts,  Alloys,  Minerals  arid  Technical  Products. 
With  numerous  figures   and  diagrams.      8vo.   cloth.,  net,  $4.00 

OSBORN,  F.  C.     Tables  of  Moments  of  Inertia,  and  Squares 

of  Radii  of  Gyration;  supplemented  by  others  on  the  Ultimate 
and  Safe  Strength  of  Wrought-iron  Columns,  Safe  Strength  of 
Timber  Beams,  and  Constants  for  readily  obtaining  the  Shearing 
Stresses,  Reactions  and  Bending  Moments  in  Swing  Bridges. 
12mo,  leather S3 .  00 

03TERBERG,  M.  Synopsis  of  Current  Electrical  Litera- 
ture, compiled  from  Technical  Journals  and  Magazines  during 
1S95.     8vo,  cloth $1 .  00 

OUDIN,  M.  A.     Standard  Polyphase  Apparatus  and  Systems, 

With  many  diagrams  and  figures.  Third  Edition,  thoroughly 
revised.     Fully  illustrated S3 .  00 

PALAZ,  A  ,  Sc.D.     A  Treatise  on  Industrial  Photometry, 

with  special  application  to  Electric  Lighting.  Authorized  trans- 
lation from  the  French  by  George  W.  Patterson,  Jr.  Second 
Edition,  revised.     8vo,  cloth,  illustrated $4 .  00 

PARR,  G.  D.  A.  Electrical  Engineering  Measuring  Instru- 
ments, for  Commercial  and  Laboratory  Purposes.  With  370 
diagrams  and  engravings.     8vo,  cloth,  illustrated net,  S3. 50 

PARRY,   E.    J.,   B.Sc.     The   Chemistry   of   Essential   Oils 

and  Artificial  Perfumes.  Being  an  attempt  to  group  together 
the  more  important  of  the  published  facts  connected  with  the 
subject;  also  giving  an  outline  of  the  principles  involved  in  the 
preparation  and  analysis  of  Essential  Oils.  With  numerous  dia- 
grams and  tables.     8vo,  cloth,  illustrated net,  $5.00 

and  COSTE,   J.    H.     Chemistry   of   Pigments.     With 


tables  and  figures.     8vo,  cloth net,  $4.50 

PARRY,  L.  A.,  M.D.     The  Risks  and  Dangers    f  Various 

Occupations  and  their  Prevention.  A  book  that  should  be  in 
the  hands  of  manufacturers,  the  medical  profession,  sanitary 
inspectors,  medical  officers  of  health,  managers  of  works,  foremen 
and  workmen.     8vo,  cloth net,  $3  .  00 

PARSHALL,    H.    F.,    and    HOBART,    H.    M.     A  mature 

Windings  of  Electric  Machines.  With  1 10  full-page  plates,  65 
tables  and  165  pages  of  descriptive  letter-press.     4to,  cloth..  $7 .  50 
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PARSHALL,  H.  F.,  and  PARRY,  E.     Electrical  Equipment 

of  Tramways In  Press 

PASSMORE,  A.  C.     Handbook  of  Technical  Terms    used 

in  Architecture  and  Building,  and  their  Allied  Trades  and  Sub- 
jects.    8vo,  cloth net,  $3 .  50 

PATERSON,    D.,    F.C.S.     The    Colo-    Printing    of    Carpet 

Yarns.  A  useful  manual  for  color  chemists  and  textile  printers. 
With  numerous  illustrations.     8vo,  cloth,  illustrated ....  net,  $3 .  50 

Color  Matching   on   Textiles.    A  Manual   intended  for 

the  use  of  Dyers,  Calico  Printers  and  Textile  Color  Chemists. 
Containing  colored  frontispiece  and  9  illustrations,  and  14  dyed 
patterns  in  appendix.     8vo,  cloth,  illustrated net,  $3 .00 

The   Science   of  Color  Mixing.      A  Manual   intended 

for  the  use  of  Dyers,  Calico  Printers,  and  Color  Chemists.  With 
figures,  tables,  and  colored  plate.     8vo,  cloth,  illustrated,  net,  $3 .  00 

PATTEN,    J.     A    Plan    for    Increasing    the    Humidity    of 

the  Arid  Region  and  the  Utilization  of  Some  of  the  Great  Rivers 
of  the  United  States  for  Power  and  other  Purposes.  A  paper 
communicated  to  the  National  Irrigation  Congress,  Ogden,  Utah, 
Sept.  12,  1903.     4to,  pamphlet,  20  pages,  with  7  maps $1 .00 

PAULDING,  C.  P.  Practical  Laws  and  Data  on  the  Con- 
densation of  Steam  in  Covered  and  Bare  Pipes;  to  which  is  added 
a  translation  of  Peclet's  "  Theory  and  Experiments  on  the  Trans- 
mission of  Heat  Through  Insulating  Materials."  8vo,  cloth, 
illustrated,  102  pages, net,  $2 .  00 

PEIRCE,     B.       System     of     Analytic     Mechanics.       4to, 

cloth $10 .  00 

PERRINE,  F.  A.  C,  A.M.,  D.Sc.  Conductors  for  Elec- 
trical Distribution:  their  Manufacture  and  Materials,  the  Calcu- 
lation of  Circuits,  Pole  Line  Construction,  Underground  Working 
and  other  Uses.     With  numerous  diagrams  and  engravings.     8vo, 

cloth,  illustrated,  287  pages net,  $3 .  50 

Postage     .  25 

PERRY,  J.     Applied  Mechanics.     A  Treatise  for  the  use 

of  students  who  have  time  to  work  experimental,  numerical  and 
graphical  exercises  illustrating  the  subject.  8vo,  cloth,  650 
pages net.  $2 .  50 
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PHILLIPS,     J.      Engineering     Chemistry.      A     Practical 

Treatise  for  the  use  of  Analytical  Chemists,  Engineers,  Iron 
Masters,  Iron  Founders,  students  and  others.  Comprising  methods 
of  Analysis  and  Valuation  of  the  principal  materials  used  in 
Engineering  works,  with  numerous  Analyses,  Examples,  and 
Suggestions.  Illustrated.  Third  Edition,  revised  and  enlarged. 
8vo,  cloth $4 .  50 

Gold   Assaying.      A   Practical   Handbook    giving   the 

Modus  Operandi  for  the  Accurate  Assay  of  Auriferous  Ores  and 
Bullion,  and  the  Chemical  Tests  required  in  the  Processes  of 
Extraction  by  Amalgamation,  Cyanidation  and  Chlorination. 
With  an  appendix  of  tables  and  statistics  and  numerous  diagrams 
and  engravings.     8vo,  cloth,  illustrated net,  $2.50 

PICKWORTH,  C.  N.  The  Indicator  Handbook.  A  Prac- 
tical Manual  for  Engineers.  Part  I.  The  Indicator:  its  Con- 
struction and  Application.     81  illustrations.     12mo,  cloth.. .   $1 .  50 

The    Indicator    Handbook.     Part    II.     The    Indicator 

Diagram :  its  Analysis  and  Calculation.  With  tables  and  figures. 
12mo,  cloth,  illustrated $1 .  50 

Logarithms  for  Beginners.     8vo,  boards    50 


The  Slide  Rule.     A  Practical  Manual  of  Instruction  for 

all  Users  of  the  Modern  Type  of  Slide  Rule,  containing  Succinct 
Explanation  of  the  Principle  of  Slide-rule  Computation,  together 
with  Numerous  Rules  and  Practical  Illustrations,  exhibiting  the 
Application  of  the  Instrument  to  the  Every-day  Work  of  the 
Engineer — Civil,  Mechanical  and  Electrical.  Seventh  Edition. 
12mo,  flexible  cloth $1 .00 

Plane    Table,    The.     Its   Uses   in   Topographical   Survey- 
ing.     From  the    Papers  of    the    United  States    Coast    Survey. 

Illustrated.     8vo,  cloth $2.00 

"This  work  gives  a  description  of  the  Plane  Table  employed  at 
the  United  States  Coast  Survey  office,  and  the  manner  of  using  it. " 

PLANTE,    G.     The    Storage    of    Electrical    Energy,    ard 

Researches  in  the  Effects  created  by  Currents,  combining  Quan- 
tity with  High  Tension.  Translated  from  the  French  by  Paul 
B.  Elwell.     89  illustrations.     8vo,  cloth $4.00 

PLATTNER'S    Manual    of    Qualitative    and    Quantitative 

Analysis  with  the  Blow-pipe.  Eighth  Edition,  revised.  Translated 
by  Henry  B.  Cornwall,  E.M.,  Ph.D.,  assisted  by  John  H.  Caswell, 
A.M.  From  the  sixth  German  edition,  by  Prof.  Friederich  Kol- 
beck.     With  87  woodcuts.     463  pages.      8vo,  cloth . . .  net,  $4 .  00 
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PLYMPTON,    GEO.   W.,   Prof.     The   Aneroid   Barometer: 

its  Construction  and  Use.  Compiled  from  several  sources. 
Eighth  Edition,  revised  and  enlarged.  16mo,  boards,  illus- 
trated     $0 .  50 

Morocco 1 .  00 

POCKET    LOGARITHMS,    to    Four    Places    of    Decimals, 

including  Logarithms  of  Numbers,  and  Logarithmic  Sines  and 
Tangents  to  Single  Minutes.  To  which  is  added  a  Table  of 
Natural  Sines,  Tangents  and  Co-tangents.     16mo,  boards 50 

POPE    F.  L.     Modern  Practice  of  the  Electric  Telegraph. 

A  Technical  Handbook  for  Electricians,  Managers  and  Operators. 
Fifteenth  Edition,  rewritten  and  enlarged,  and  fully  illustrated.  8vo, 
cloth $1 .  50 

POPPLEWELL,  W.  C.     Elementary  Treatise  on  Heat  and 

Heat  Engines.  Specially  adapted  for  engineers  and  students  of 
engineering.     12mo,  cloth,  illustrated $3 .00 

Prevention  of  Smoke,  combined  with  the  Economical 

Combustion  of  Fuel.  With  diagrams,  figures  and  tables.  8vo, 
cloth,  illustrated net,  $3 .  50 

POWLES,  H.  H.  P.     Steam  Boilers In  Press. 

Practical  Compounding  of   Oils,   Tallow  and    Grease,   for 

Lubrication,  etc.    By  an  Expert  Oil  Refiner.     8vo,  cloth,  net,  $3 .  50 

Practical   Iron   Founding.      By   the   Author   of    "  Pattern 

Making,"  etc.  Illustrated  with  over  100  engravings.  Third 
Edition.     12mo,  cloth SI .  50 

PRAY,  T.,  Jr.      Twenty  Years  with  the  Indicator:    being 

a  Practical  Text-book  for  the  Engineer  or  the  Student,  with  no 
complex  Formula?.     Illustrated.     8vo,  cloth .   $2 .  50 

Steam  Tables  and  Engine  Constant.     Compiled  from 

Regnault,  Rankine  and  Dixon  directly,  making  use  of  the 
exact  records.     8vo,  cloth $2 .  00 

PREECE,  W.  H.     Electric  Lamps In  Press. 

and  STUBBS,  A.  T.  Manual  of  Telephony.  Illus- 
trations and  plates.     12mo,  cloth $4. 50 

PRELINI,  C,  C.E.  Tunneling.  A  Practical  Treatise  con- 
taining 149  Working  Drawings  and  Figures.  With  additions 
by  Charles  S.  Hill,  C.E.,  Associate  Editor  "Engineering  N«ws." 
311  pages.     Second  Edition,  revised.     8vo,  cloth,  illus.  . .  .   $3.00 
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PRELINI,  C,  C.E.     Earth  and  Rock  Excavation.     A  Manual 

for  Engineers,  Contractors  and  Engineering  Students.  Svo, 
cloth,  illustrated.     About  350  pages In  Press. 

PREMIER  CODE.     (See  Hawke,  Wm.  H.) 

PRESCOTT,   A.   B.,   Prof.     Organic  Analysis.     A  Manual 

of  the  Descriptive  and  Analytical  Chemistry  of  certain  Carbon 
Compounds  in  Common  Use;  a  Guide  in  the  Qualitative  and 
Quantitative  Analysis  of  Organic  Materials  in  Commercial  and 
Pharmaceutical  Assays,  in  the  estimation  of  Impurities  under 
Authorized  Standards,  and  in  Forensic  Examinations  for  Poisons, 
with  Directions  for  Elementary  Organic  Analysis.  Fifth  Edi- 
tion.    8vo,  cloth $5.00 

Outlines    of    Proximate    Organic    Analysis,    for    the 

Identification,  Separation  and  Quantitative  Determination  of 
the  more  commonly  occurring  Organic  Compounds.  Fourth 
Edition.     12mo,  cloth $1 .  75 

and  SULLIVAN,  E.  C.  (University  of  Michigan).     First 

Book  in  Qualitative  Chemistry.  For  Studies  of  Water  Solution 
and  Mass  Action.  Twelfth  Edition,  entirely  rewritten.  12mo, 
cloth net,  $1 .  50 

and  JOHNSON,  0.  C.     Qualitative  Chemical  Analysis. 

A  Guide  in  the  Practical  Study  of  Chemistry  and  in  the  Work  of 
Analysis.  Fifth  revised  and  enlarged  edition,  entirely  rewritten. 
With  Descriptive  Chemistry  extended  throughout net,  $3 .  50 

PRITCHARD,  O.  G.      The   Manufacture   of   Electric-light 

Carbons.     Illustrated.     8vo,  paper 60 

PULLEN,    W.    W.    F.     Application    of    Graphic    Methods 

to  the  Design  of  Structures.  Specially  prepared  for  the  use  of 
Engineers.  A  Treatment  by  Graphic  Methods  of  the  Forces 
and  Principles  necessary  for  consideration  in  the  Design  of  En- 
gineering Structures,  Roofs,  Bridges,  Trusses,  Framed  Structures, 
Wells,  Dams,  Chimneys,  and  Masonry  Structures.  12mo,  cloth, 
profusely  illustrated net,  $2 .  50 

PULSIFER,  W.  H.     Notes  for  a  History  of  Lead.     8vo, 

cloth,  gilt  top $4.00 

PUTSCH,  A.     Gas  and  Coal-dust  Firing.    A  Critical  Review 

of  the  Various  Appliances  Patented  in  Germany  for  this  purpose 
since  1885.  With  diagrams  and  figures.  Translated  from  the 
German  by  Charles  Salter.     8vo,  cloth,  illustrated.  ...  net,  $3.00 
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PYNCHON,  T  R.,  Prof.     Introduction  to  Chemical  Physics, 

designed  for  the  use  of  Academies,  Colleges  and  High  Schools. 
Illustrated  with  numerous  engravings,  and  containing  copious 
experiments,  with  directions  for  preparing  them.  Neio  Edition, 
revised  and  enlarged,  and  illustrated  by  269  wood  engravings,  8vo, 
cloth $3.00 

RADFORD,  C.  S.,  Li  ut.     Handbook  en  Naval  Gunnery. 

Prepared  by  Authority  of  the  Navy  Department.  For  the  use 
of  U.  S.  Navy,  U.  S.  Marine  Corps,  and  U.  S.  Naval  Reserves. 
Revised  and  enlarged,  with  the  assistance  of  Stokely  Morgan, 
Lieut.  U.  S.  N.  Third  Edition,  revised  and  enlarged.  12mo, 
flexible  leather $2 .  00 

RAFTER,    G.    W.     Treatment    of    Septic    Sewage    {Van 

No  strand's  Science  Series,  No.  118).     16mo,  cloth 50 

Tables  for  Sewerage  and  Hydraulic  Engineers.  In  Press, 

and  BAKER,  M.  N.     Sewage  Disposal  in  the   United 

States.  Illustrations  and  folding  plates.  Third  Edition.  8vo, 
cloth $6 .  00 

RAM,  G.  S.  The  Incandescent  Lamp  and  its  Manufac- 
ture.    8vo,  cloth $3 .  00 

RAMP,  H.  M.     Foundry  Practice In  Press 

RANDALL,  J.  E.  A  Practical  Treatise  on  the  Incan- 
descent Lamp.     16mo,  cloth,  illustrated 50 

RANDALL,    P.    M.     Quartz    Operator's    Handbook.      New 

Edition,  revised  and  enlarged,  fully  illustrated.     12mo,  cloth,  $2.00 

RANDAU,  P.     Enamels  and  Enamelling.    An  introduction 

to  the  preparation  and  application  of  all  kinds  of  enamels  for 
technical  and  artistic  purposes.  For  enamel-makers,  workers 
CP  in  gold  and  silver,  and  manufacturers  of  objects  of  art.  Third 
German  Edition.  Translated  by  Charles  Salter.  With  figures, 
diagrams  and  tables.      8vo,  cloth,  illustrated net,  $4.00 

RANKINE,    W.    J.    M.     Applied    Mechanics.     Comprising 

the  Principles  of  Statics  and  Cinematics,  and  Theory  of  Struc- 
tures, Mechanism,  and  Machines.  With  numerous  diagrams. 
Seventeenth  Edition,  thoroughly  revised  by  W.  J.  Millar.  8vo, 
cloth $5.00 

Civil  Engineering.  Comprising  Engineering  Sur- 
veys, Earthwork,  Foundations,  Masonry,  Carpentry,  Metal- 
work,  Roads,  Railways,  Canals,  Rivers,  Water-works,  Harbors, 
etc.  With  numerous  tables  and  illustrations.  Twenty-first 
Edition,  thoroughly  revised  by  W.  J.  Millar.     8vo,  cloth.  ...  $6. 50 
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RANKINE  W.  J.  M.  Machinery  and  Millwork.  Com- 
prising the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  etc.  Illustrated  with  nearly  300  woodcuts. 
Seventh  Edition,  thoroughly  revised  by  W.  J.  Millar.  8vo, 
cloth $5.00 

The  Steam-engine   and  Other  Prime  Movers.     With 

diagram  of  the  Mechanical  Properties  of  Steam.  Folding  plates, 
numerous  tables  and  illustrations.  Fifteenth  Edition,  thor- 
oughly revised  by  W.  J.  Millar.     8vo,  cloth $5.00 

Useful   Rules  and  Tables  for  Engineers  and  Others. 

With  Appendix,  Tables,  Tests  and  Formulae  for  the  use  of  Elec- 
trical Engineers.  Comprising  Submarine  Electrical  Engineering, 
Electric  Lighting  and  Transmission  of  Power.  By  Andrew 
Jamieson,  C.E.,  F.R.S.E.  Seventh  Edition,  thoroughly  revised 
by  W.  J.  Millar.     8vo,  cloth $4.00 

and  BAMBER,  E.  F.,  C.E.     A  Mechanical  Text-book. 

With  numerous  illustrations.     Fifth  Edition.     8vo,  cloth.  .   $3.50 

RAPHAEL,    F.    C.     Localization    of    Faults    in    Electric 

Light  and  Power  Mains,  with  chapters  on  Insulation  Testing 
With  figures  and  diagrams.  Second  Edition,  revised.  8vo" 
cloth,  illustrated net,  $3 .  00. 

RAYMOND,  E.  B.  Alternating-current  Engineering  Prac- 
tically Treated.  With  numerous  diagrams  and  figures.  12mo, 
cloth net,  $2.50 

RAYNER,  H.     Silk  Throwing    and  Waste  Silk  Spinning. 

With   numerous   diagrams   and   figures.     8vo,    cloth,   illustrated, 

net,  $2 .  50 

RECIPES    for  the   Color,   Paint,   Varnish,   Oil,   Soap   and 

Drysaltery  Trades.  Compiled  by  an  Analytical  Chemist.  8vo, 
cloth $3.Z-J 

RECIPES  FOR    FLINT  GLASS  MAKING.     Being  Leaves 

form  the  mixing-book  of  several  experts  in  the  Flint  Glass  Trade. 
Containing  up-to-date  recipes  and  valuable  information  as  to 
Crystal,  Demi-crystal,  and  Colored  Glass  in  its  many  varieties. 
It  contains  the  recipes  for  cheap  metal  suited  to  pressing,  blowing, 
etc.,  as  well  as  the  most  costly  Crystal  and  Ruby.  British  manu- 
facturers have  kept  up  the  quality  of  this  glass  from  the  arrival  of 
the  Venetians  to  Hungry  Hill,  Stourbridge,  up  to  the  present 
time.  The  book  also  contains  remarks  as  to  the  result  of  the 
metal  as  it  left  the  pots  by  the  respective  metal  mixers,  taken 
from  their  own  memoranda  upon  the  originals.  Compiled  by 
a  British  Glass  Master  and  Mixer.     12mo,  cloth net,  $4.50 
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REED'S  ENGINEERS'  HANDBOOK,  to  the  Local  Marine 

Board  Examinations  for  Certificates  of  Competency  as  First  and 
Second  Class  Engineers.  By  W.  H.  Thorn.  With  the  answers 
to  the  Elementary  Questions.  Illustrated  by  358  diagrams 
and  37  large  plates.  Seventeenth  Edition,  revised  and  enlarged. 
8vo,  cloth $5.00 

Key  to  the  Seventeenth  Edition  of  Reed's  Engineer's 

Handbook  to  the  Board  of  Trade  Examination  for  First  and 
Second  Class  Engineers  and  containing  the  workings  of  all  the 
questions  given  in  the  examination  papers.  By  W.  H.  Thorn. 
8vo,  cloth $3 .00 

Useful  Hints  to    Sea-going  Engineers,   and  How  to 

Repair  and  Avoid  "Breakdowns";  also  Appendices  containing 
Boiler  Explosions,  Useful  Formulae,  etc.  With  42  diagrams 
and  8  plates.  Third  Edition,  revised  and  enlarged.  12mo, 
cloth $1 .  50 

Marine  Boilers.  A  Treatise  on  the  Causes  and  Pre- 
vention of  their  Priming,  with  Remarks  on  their  General  Manage- 
ment.    12mo,  cloth,  illustrated ., $2 .  00 

REINHARDT,  C.  W.     Lettering  for  Draftsmen,  Engineers, 

and  Students.  A  Practical  System  of  Free-hand  Lettering  for 
Working  Drawings.  Revised  and  enlarged  edition.  Thirteenth 
Thousand.     Oblong,  boards $1 .  00 

The    Technic    of    Mechanical   Drafting.    A   Practical 

guide  to  neat,  correct  and  legible  drawing,  containing  many  illus- 
trations, diagrams  and  full-page  plates.     4to,  cloth,  illus.  .  .   $1 .  00 

REISER,  F.     Hardening  and  Tempering  of  Steel,  in  Theory 

and  Practice.  Translated  from  the  German  of  the  third  and 
enlarged  edition,  by  Arthur  Morris  and  Herbert  Robson.  8vo, 
cloth,  120  pages $2 .  50 

REISER,  N.     Faults  in  the  Manufacture  of  Woolen  Goods, 

and  their  Prevention.  Translated  from  the  second  German 
edition,  by  Arthur  Morris  and  Herbert  Robson.  8vo,  cloth, 
illustrated net,  $2 .  50 

Spinning    and    Weaving    Calculations    with    special 

reference  to  Woolen  Fabrics.  Translated  from  the  German  by 
Chas.  Salter      8vo,  cloth,  illustrated net,  $5.00 

RICE,  J.  M.,  and  JOHNSON,  W.  W.     On  a  New  Method 

of  Obtaining  the  Differential  of  Functions,  with  especial  refer- 
ence to  the  Newtonian  Conception  of  Rates  or  Velocities.  12mo, 
paper 50 
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RIDEAL,  S.,  D.Sc.     Glue   and  Glue  Testing,  with  figures 

and  tables.     8vo,  cloth,  illustrated net,  S4 .  00 

RINGWALT,  J.  L.  Development  of  Transportation  Sys- 
tems in  the  United  States,  comprising  a  Comprehensive  Descrip- 
tion of  the  leading  features  of  advancement  from  the  colonial 
era  to  the  present  time,  in  water  channels,  roads,  turnpikes, 
canals,  railways,  vessels,  vehicles,  cars,  and  locomotives;  the 
cost  of  transportation  at  various  periods  and  places  by  the  differ- 
ent methods;  the  financial,  engineering,  mechanical,  govern- 
mental and  popular  questions  that  have  arisen,  and  notable 
incidents  in  railway  history,  construction  and  operation.  With 
illustrations  of  hundreds  of  typical  objects.  Quarto,  half  mo- 
rocco     87 . 50 

RIPPER,  W.     A  Course  of  Instruction  in  Machine  Drawing 

and  Design  for  Technical  Schools  and  Engineer  Students.  With 
52  plates  and  numerous  explanatory  engravings.     Folio,   cloth, 

net ,  $6 .  00 

ROBERTSON,    L.    S.     Water-tube    Boilers.     Based    on    a 

short  course  of  Lectures  delivered  at  University  College,  London. 
With  upward  of  170'  illustrations  and  diagrams.  8vo,  cloth, 
illustrated S3 .  00 

ROEBLING,  J.  A.     Long  and  Short  Span  Railway  Bridges. 

Illustrated  with  large  copper-plate  engravings  of  plans  and  views. 
Imperial  folio,  cloth $25.00 

ROSE,  J.,  M.E  Th?  Pattern-makers'  Assistant.  Embrac- 
ing Lathe  Work,  Branch  Work,  Core  Work,  Sweep  Work  and 
Practical  Gear  Constructions,  the  Preparation  and  L'se  of  Tools, 
together  with  a  large  collection  of  useful  and  valuable  Tables. 
Ninth  Edition.     With  250  engravings.     8vo,  cloth $2.50 

Key   to   Engines   and   Engine-running.     A   Practical 

Treatise  upon  the  Management  of  Steam-engines  and  Boilers  for 
the  use  of  those  who  desire  to  pass  an  examination  to  take 
charge  of  an  engine  or  boiler.  With  numerous  illustrations, 
and  Instructions  upon  Engineers'  Calculations,  Indicators, 
Diagrams,  Engine  Adjustments  and  other  Valuable  Information 
necessary  for  Engineers  and  Firemen.    12mo,  cloth.    Illus.  .    $2.50 

ROWAN,    F.    J.     The    Practical    Physics    of    the    Modern 

Steam-boiler.  With  an  Introduction  by  Prof.  R.  H.  Thurston. 
With  numerous  illustrations  and  diagrams.  8vo,  cloth,  illus- 
trated      $7.50 

SABINE,  R.  History  and  Progress  of  the  Electric  Tele- 
graph. With  descriptions  of  some  of  the  apparatus.  Second 
Edition,  with  additions.     12mo,  cloth $1 .25 
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SAELTZER,    A.     Treatise    on    Acoustics    in    Connection 

with  Ventilation.     12mo,  cloth $1 .  00 


SALOMONS,    Sir    D.,    M.A.      Electric-light    Installations. 

A  Practical  Handbook.  Eighth  Edition,  revised  and  enlarged, 
with  numerous  illustrations.  Vol.  L,  The  Management  of  Accu- 
mulators.    12mo,  cloth $1 .  50 

Vol.  II.,  Apparatus.     296  illustrations.     12mo,  cloth $2.25 

Vol.  III.,  Applications.     12mo,  cloth $1 .  50 

SANFORD,  P.  G.     Nitro-explosives.     A  Practical  Treatise 

concerning  the  Properties,  Manufacture  and  Analysis  of  Nitrated 
Substances,  including  the  Fulminates,  Smokeless  Powders  and 
Celluloid.     8vo,  cloth,  270  pages $3 .00 

SAUNDERS,    C.    H.     Handbook    of    Practical    Mechanics 

for  use  in  the  Shop  and  Draughting-room;  containing  Tables, 
Rules  and  Formulae,  and  Solutions  of  Practical  Problems  by- 
Simple  and  Quick  Methods.     16mo,  limp  cloth $1 .  00 

SAUNNIER,  C.     Watchmaker's  Han  book.     A  Workshop 

Companion  for  those  engaged  in  Watchmaking  and  allied  Mechan- 
ical Arts.  Translated  by  J.  Tripplin  and  E.  Rigg.  Second  Edi- 
tion, revised,  with  appendix.     12mo,  cloth $3 .  50 

SCHELLEN,  H.,  Dr.  Magneto-electric  and  Dynamo- 
electric  Machines:  their  Construction  and  Practical  Application 
to  Electric  Lighting,  and  the  Transmission  of  Power.  Trans- 
lated from  the  third  German  edition  by  N.  S.  Keith  and  Percy 
Neymann,  Ph.D.  With  very  large  additions  and  notes  relating 
to  American  Machines,  by  N.  S.  Keith.  Vol.  1,  with  353  illus- 
trations.    Second  Edition.     8vo,  cloth $5 .  00 

SCHUMANN,   F.     A  Manual   of  Heating  and  Ventilation 

in  its  Practical  Application,  for  the  use  of  Engineers  and  Archi- 
tects. Embracing  a  Series  of  Tables  and  Formulae  for  Dimensions 
of  Heating,  Flow  and  Return  Pipes  for  Steam  and  Hot-water 
Boilers,  Flues,  etc.     12mo,  illustrated,  full  roan $1.50 

SCHMALL,  C.  N.,  and  SHACK,  S.  M.     Elements  of  Plane 

Geometry.  An  Elementary  Treatise.  With  many  examples  and 
diagrams.     12mo,  half  leather,  illustrated net,  $1 .  25 

SCIENCE  SERIES,  The  Van  Nostrand.      (Follows  end  of 

this  list.) 
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SCRIBNER,  J.  M.  Engineers'  and  Mechanics'  Com- 
panion. Comprising  United  States  Weights  and  Measures. 
Mensuration  of  Superfices  and  Solids,  Tables  of  Squares  and 
Cubes,  Square  and  Cube  Roots,  Circumference  and  Areas  of 
Circles,  the  Mechanical  Powers,  Centres  of  Gravity,  Gravitation 
of  Bodies,  Pendulums,  Specific  Gravity  of  Bodies,  Strength, 
Weight  and  Crush  of  Materials,  Water-wheels.  Hydrostatics, 
Hydraulics,  Statics,  Centres  of  Percussion  and  Gyration,  Friction 
Heat,  Tables  of  the  Weight  of  Metals,  Scantling,  etc.,  Steam 
and  Steam-engine.  Twenty-first  Edition,  revised.  16mo,  full 
morocco $1 .  50 

SEATON,  A.  E.  A  Manual  of  Marine  Engineering.  Com- 
prising the  Designing,  Construction  and  Working  of  Marine 
Machinery.  With  numerous  tables  and  illustrations  reduced  from 
Working  Drawings.  14ih  Edition,  revised  throughout,  with  an 
additional  chapter  on  Water- tube  Boilers.     8vo,  cloth $6 .  00 

—  and    ROUNTHWAITE,    H.    M.      A    Pocketbook    of 

Marine  Engineering  Rules  and  Tables.  For  the  use  of  Marine 
Engineers  and  Naval  Architects,  Designers,  Draughtsmen, 
Superintendents  and  all  engaged  in  the  design  and  construction 
of  Marine  Machinery,  Naval  and  Mercantile.  Seventh  Edition, 
revised  and  enlarged.     Pocket  size.     Leather,  with  diagrams.   $3.00 

SEELIGMANN,  T.,  TORRILHON,  G.  L.,  and  FALCONNET, 

H.  India  Rubber  and  Gutta  Percha.  A  complete  practical 
treatise  on  India  Rubber  and  Gutta  Percha,  in  their  historical, 
botanical,  arboricultural,  mechanical,  chemical  and  electrical 
aspects.  Translated  from  the  French,  by  John  Geddes  Mcintosh. 
8vo,  cloth,  illustrated,  412  pages net,  $7.50 

SEVER,  G.  F.,  Prof.  Electrical  Engineering  Experi- 
ments and  Tests  on  Direct-current  Machinery.  With  diagrams 
and  figures.     8vo  pamphlet,  illustrated net,  $1 .  00 

and  TOWNSEND,  F.     Laboratory  and  Factory  Tests 

in  Electrical  Engineering.  Svo,  cloth,  illustrated,  about  225 
pages In  Press. 

SEW  ALL,   C.   H.     Wireless  Telegraphy.      With,  diagrams 

and  engravings.  Second  Edition,  corrected.  8vo,  cloth,  illus- 
trated  net,  $2.00 

Lessons    in   Telegraphy.      For    use    as    a    text-book 

in  schools  and  colleges,  or  for  individual  students.  Illustrated. 
12mo,  cloth $1.00 

SEWELL,    T.     Elements    of    Electrical    Engineering.      A 

First  Year's  Course  for  Students.  Second  Edition,  revised,  with 
additional  chapters  on  Alternating-current  Working  and  Ap- 
pendix of  Questions  and  Answers.  With  many  diagrams,  tables 
and  examples.     8vo,  cloth,  illustrated,  432  pages net,  $3 .  00 
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SEXTON,    A.    H.     Fuel    and    Refractory    Materials.     8vo, 

cloth $2 .  00 

Chemistry  of  the  Materials  of  Engineering.  A  Hand- 
book for  Engineering  Students.  With  tables,  diagrams  and 
illustrations.     12mo,  cloth,  illustrated $2 .  50 

SEYMOUR,  A.     Practical  Lithography.     With  figures  and 

engravings.     8vo,  cloth,  illustrated net,  $2 .  50 

SHAW,  S.     The  History  of  the  Staffordshire  Potteries,  and 

the  Rise  and  Progress  of  the  Manufacture  of  Pottery  and  Por- 
celain; with  references  to  genuine  specimens,  and  notices  of. 
eminent  potters.  A  re-issue  of  the  original  work  published  in 
1829.     8vo,  cloth,  illustrated net,  $3 .  00 

Chemistry    of    the    Several    Natural    and    Artificial 

Heterogeneous  Compounds  used  in  Manufacturing  Porcelain, 
Glass  and  Pottery.  Re-issued  in  its  original  form,  published  in 
1837.     8vo,  cloth net,  $5.00 

SHAW,    WM.    J.,    Lieut.-Col.     Studies    in    Map    Reading 

and  Field  Sketching.  An  aid  to  passing  outdoor  examinations  in 
these  subjects.  Illustrated  with  15  folding  plates.  12mo,  cloth, 
illustrated,  148  pages net,  $2 .  50 

Tactical  Operations  for  Field  Officers :  being  Up-to- 
date  schemes  worked  out  on  training  grounds  at  home  stations. 
With  folding  plates  and  maps.  12mo,  cloth,  illustrated,  321. 
pages $3 .00 

SHELDON,  S.,  Ph.D.,  and  MASON,  H«,  B.S.  Dynamo- 
electric  Machinery:  its  Construction,  Design  and  Operation. 
Direct-current  Machines.  Fourth  Edition,  revised.  8vo,  cloth, 
illustrated net,  $2 .  50 

Alternating-current     Machines:     being     the     second 

volume  of  the  author's  "Dynamo-electric  Machinery:  its  Construc- 
tion, Design  and  Operation. "  With  many  diagrams  and  figures. 
(Binding  uniform  with  volume  I.)  Third  Edition.  8vo,  cloth, 
illustrated net,  $2 .  50 

SHERRIFF,  F.  F.     Oil  Merchants'  Manual,  and  Oil  Trade 

Ready  Reckoner.  With  two  sheets  of  tables.  Second  Edition, 
revised  and  enlarged.     8vo,  cloth net,  $3.50 

SHIELDS,    J.    E.     Notes    on    Engineering    Construction. 

Embracing  Discussions  of  the  Principles  involved,  and  Descrip- 

,     tions  of  the  Material  employed  in  Tunneling,  Bridging,  Canal  and 

Road  Building,  etc.  '  12mo,  cloth $1 .  50 
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SHOCK,  W.  H.  Steam  Boilers:  their  Design,  Construc- 
tion and  Management.     4to,  half  morocco $15.00 

SHREVE,  S.  H.     A  Treatise  on  the  Strength  of  Bridges 

and  Roofs.  Comprising  the  determination  of  algebraic  formulas 
for  strains  in  Horizontal,  Inclined  or  Rafter,  Triangular,  Bow, 
string,  Lenticular  and  other  Trusses,  from  fixed  and  moving  loads- 
with  practical  applications  and  examples,  for  the  use  of  Students 
and  Engineers.  87  woodcut  illustrations.  Fourth  Edition.  8vo, 
cloth S3 .  50 

SHUNK,    W.    F.     The    Field    Engineer.     A   Handy    Book 

of  practice  in  the  Survey,  Location  and  Truck-work  of  Railroads, 
containing  a  large  collection  of  Rules  and  Tables,  original  and 
selected,  applicable  to  both  the  Standard  and  Narrow  Gauge, 
and  prepared  with  special  reference  to  the  wants  of  the  young 
Engineer.  Sixteenth  Edition,  revised  and  enlarged.  With 
addenda.     12mo,  morocco,  tucks $2 .  50 

SIMMS,  F.  W.     A  Treatise  on  the  Principles  and  Practice 

of  Leveling.  Showing  its  application  to  purposes  of  Railway 
Engineering,  and  the  Construction  of  Roads,  etc.  Revised  and 
corrected,  with  the  addition  of  Mr.  Laws'  Practical  Examples  for 
setting  out  Railway  Curves.     Illustrated.     8vo,  cloth $2 .  50 

Practical    Tunneling.     Fourth   Edition,    Revised    and 

greatly  extended.  With  additional  chapters  illustrating  recent 
practice  by  D.  Kinnear  Clark.  With  36  plates  and  other  illustra- 
tions.    Imperial  8vo,  cloth $12 .  00 

SIMPSON,   G.     The   Naval  Constructor.     A  Vade  Mecum 

of  Ship  Design,  for  Students,  Naval  Architects,  Ship  Builders  and 
Owners,  Marine  Superintendents,  Engineers  and  Draughtsmen. 
12mo,  morocco,  illustrated,  500  pages $5.00 

SLATER,    J.    W.     Sewage     Treatment,    Purification    and 

Utilization.  A  Practical  Manual  for  the  Use  of  Corporations, 
Local  Boards,  Medical  Officers  of  Health,  Inspectors  of  Nuisances, 
Chemists,  Manufacturers,  Riparian  Owners,  Engineers  and  Rate- 
payers.    12mo,  cloth $2 .  25 

SMITH,  I.  W.,   C.E      The  Theory  of  Deflections  and  of 

Latitudes  and  Departures.  With  special  applications  to  Curvi- 
linear Surveys,  for  Alignments  of  Railway  Tracks.  Illustrated. 
16mo,  morocco,  tucks $3 .  00 

SMITH,  J.  C.  Manufacture  of  Paint.  A  Practical  Hand- 
book for  Paint  Manufacturers,  Merchants  and  Painters.  With 
60  illustrations  and  one  large  diagram.     8vo,  cloth. . .  .net,  $3.00 
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SWELL,  A.  T.     Electric  Motive  Power:    The  Transmission 

and  Distribution  of  Electric  Power  by  Continuous  and  Alternate 
Currents.  With  a  Section  on  the  Applications  of  Electricity  to 
Mining  Work.     Second  Edition.     8vo,  cloth,  illustrated $4 .  00 

SOXHLET,   D.   H      Art  of  Dyeing  and  Staining  Marble, 

Artificial  Stone,  Bone,  Horn,  Ivory  and  Wood,  and  of  imitating 
all  sorts  of  Wood.  A  practical  Handbook  for  the  use  of  Joiners, 
Turners,  Manufacturers  of  Fancy  Goods,  Stick  and  Umbrella 
Makers,  Comb  Makers,  etc.  Translated  from  the  German  by 
Arthur  Morris  and  Herbert  Robson,  B.Sc.  8vo,  cloth,  170 
pages net,  $2 .  50 

SPANG,  H.  W  A  Practical  Treatise  on  Lightning  Pro- 
tection.    With  figures  and  diagrams.     12mo,  cloth $1.00 

SPEYERS,     C.     L.     Text-book     of     Physical     Chemistry. 

8vo,  cloth $2 .  25 

STAHL,  A.  W.,  and  WOODS,  A.  T.  Elementary  Mechan- 
ism. A  Text-book  for  Students  of  Mechanical  Engineering. 
Thirteenth  Edition,  enlarged.     12mo,  cloth $2 .  00 

STALEY,  C,  and  PIERSON,  G.  S.     The  Separate  System 

of  Sewerage:  its  Theory  and  Construction.  Third  Edition, 
revised  and  enlarged.  With  chapter  on  Sewage  Disposal.  With 
maps,  plates  and  illustrations.      8vo,  cloth $3 .  00 

STAND  AGE     H.    C.     Leather-workers*    Manual:     being   a 

Compendium  of  Practical  Recipes  and  Working  Formulae  for 
Curriers,  Boot-makers,  Leather  Dressers,  Blacking  Manufac- 
turers, Saddlers,  Fancy  Leather  Workers  and  all  persons  en- 
gaged in  the  manipulation  of  leather.     8vo,  cloth net,  $3 .  50 

Sealing  Waxes,  Wafers  and  Other  Adhesive  .      For 

the  Household,  Office,  Workshop  and  Factory.  8vo,  cloth,  96 
pages net,  $2 .  00 

STEWART,   R.   W.     A  Text-book   of  Light.     Adapted  to 

the  Requirements  of  the  Intermediate  Science  and  Preliminary 
Scientific  Examinations  of  the  University  of  London,  and  also 
for  General  Use.  Numerous  diagrams  and  examples.  12mo 
cloth $1.00 

Text-book  of  Heat.     Illustrated.     8vo,  Cloth,      Si.oo 

Text-book  of  Magnetism  and  Electricity.  160  Illus- 
trations and  numerous  examples.     12mo,  cloth $1 .  00 

Elementary  Text-book  of  Magnetism  and  Electricity. 

With  numerous  figures  and  diagrams.     12mo,  cloth $1.00 
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STILES,    A.     Tables   for   Field    Engineers.     Designed   for 

Use  in  the  Field.  Tables  containing  all  the  Functions  of  a  One 
Degree  Curve,  from  which  a  corresponding  one  can  be  found  for 
any  required  Degree.  Also,  Tables  of  Natural  Sines  and  Tangents. 
12mo,  morocco,  tucks $2 .  00 

STILLMAN,  P.     Steam-engine  Indicator  and  the  Improved 

Manometer  Steam  and  Vacuum  Gauges;  their  Utility  and  Appli- 
cation.    New  edition.     12mo,  flexible  cloth $1 .00 

STODOLA,  A..  Dr.  The  Steam  Turbine.  With  300  dia- 
grams and  illustrations.  Authorized  translation  by  Dr.  L.  C. 
Loewenstein In  Press. 

STONE,   R.,   Gen'l.     New  Roads   and  Road  Laws  in  the 

United  States.  200  pages,  with  numerous  illustrations.  12mo, 
cloth $1 .00 

STONEY,  B.  D.     The  Theory  of  Stresses  in  Girders  and 

Similar  Structures.  With  Observations  on  the  Application  of 
Theory  to  Practice,  and  Tables  of  Strength,  and  other  Properties 
of  Materials.  New  revised  edition,  with  numerous  additions  on 
Graphic  Statics,  Pillars,  Steel,  Wind  Pressure,  Oscillating  Stresses, 
Working  Loads,  Riveting,  Strength  and  Tests  of  Materials. 
777  pages,  143  illus.  and  5  folding-plates.      8vo,  cloth.  . .  .   $12.50 

STUART,  C.  B.,  U.S.N.      Lives   and  Works   of  Civil  and 

Military  Engineers  of  America.  With  10  steel-plate  engravings. 
8vo,  cloth $5.00 

The  Naval  Dry  Docks  of  the  United  States.  Illus- 
trated with  24  fine  engravings  on  steel.  Fourth  Edition.  4to, 
cloth $6.00 

SUFFLING,  E.  R.     Treatise  on  the  Art  of  Glass  Painting. 

Prefaced  with  a  Review  of  Ancient  Glass.  With  engravings  and 
colored  plates.     8vo,  cloth net,  $3 .  50 

SWEET,  S.  H.  Special  Report  on  Coal,  Showing  its  Dis- 
tribution, Classification,  and  Costs  delivered  over  Different  Routes 
to  Various  Points  in  the  State  ot  New  York  and  the  Principal 
Cities  on  the  Atlantic  Coast.     With  maps.     8vo,  cloth $3.00 

SWOOPE,  C.  W.  P  actical  Lessons  in  Electricity:  Prin- 
ciples, Experiments  and  Arithmetical  Problems.  An  Elementary 
Text-book.  With  numerous  tables,  formula?,  and  two  large  in- 
struction plates.    8vo,  cloth,  illustrated.    Fifth  Edition .  .net,  $2 .  00 
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TAILFER,    L.     Practical    Treatise    on    the    Bleaching    of 

Linen  and  Cotton  Yarn  and  Fabrics.  With  tables  and  diagrams. 
Translated  from  the  French  by  John  Geddes  Mcintosh.  8vo, 
cloth,  illustrated net,  $5 .  00 

TEMPLETON,  W.      The  Practical  Mechanic's  Workshop 

Companion.  Comprising  a  great,  variety  of  the  most  useful 
rules  and  formulae  in  Mechanical  Science,  with  numerous  tables 
of  practical  data  and  calculated  results  facilitating  mechanical 
operations.  Revised  and  enlarged  by  W.  S.  Hutton.  12mo, 
morocco $2 .  00 

TESLA,  N.     Experiments  with  Alternate  Currents  of  High 

Potential  and  High  Frequency.  A  Lecture  delivered  before  the 
Institution  of  Electrical  Engineers,  London.  With  a  portrait 
and  biographical  sketch  of  the  author.  With  figures  and  dia- 
grams.    12mo,  cloth,  illustrated.     New  Edition .In  Press. 

THOM,  C,  and  JONES,  W.  H.     Telegraphic  Connections: 

embracing  Recent  Methods  in  Quadruplex  Telegraphy.  20  full- 
page  plates,  some  colored.     Oblong,  8vo,  cloth $1 .50 

THOMAS,  C.  W.     Paper-makers'  Handbook.    A  Practical 

Treatise.     Illustrated In  Press. 

THOMPSON,  A.  B.     Oil  Fields  of  Russia  and  the  Russian 

Petroleum  Industry.  A  Practical  Handbook  on  the  Explora- 
tion, Exploitation,  and  Management  of  Russian  Oil  Properties, 
including  Notes  on  the  Origin  of  Petroleum  in  Russia,  a  Descrip- 
tion of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a  Translation 
of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
With  numerous  illustrations  and  photographic  plates  and  a  map 
of  the  Balakhany-Saboontchy-Romany  Oil  Field.  8vo,  cloth, 
illustrated net,  $15 .  00 

THOMPSON,    E.    P.,    M.E.     How    to    Make    Inventions; 

or,  Inventing  as  a  Science  and  an  Art.  A  Practical  Guide  for 
Inventors.     Second  Edition.     8vo,  boards $1 .00 

Roentgen  Rays  and  Phenomena  of  the  Anode   and 

Cathode.  Principles,  Applications,  and  Theories.  For  Students, 
Teachers,  Physicians,  Photographers,  Electricians  and  others. 
Assisted  by  Louis  M.  Pignolet,  N.  D.  C.  Hodges  and  Ludwig 
Gutmann,  E.E.  With  a  chapter  on  Generalizations,  Arguments, 
Theories,  Kindred  Radiations  and  Phenomena.  By  Professor 
Wm.  Anthony.     50  diagrams,  40  half-tones.     8vo,  cloth.  .  .  $1.50 
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THORNLEY-  T.  Cotton  Combing  Machines.  With  nu- 
merous tables,  engravings  and  diagrams.      Svo,  cloth,  illustrated. 

343  pages ' net%    S3 .  00 

Contents. — Preface;  List  of  Illustrations;  The  Silver  Lap  Ma- 
chine; Ribbon  Lap  Machine  and  Draw-frame;  General  Descrip- 
tion of  the  Heilmann  Comber;  The  Cam  Shaft;  The  Detaching 
and  Attaching  Mechanism  of  the  Comber;  The  Duplex  Comber; 
Resetting  of  Combers;  The  Erection  of  a  Heilmann  Comber; 
Stop  Motions;  Various  Calculations;  Various  Notes  and  Dis- 
cussions;  Cotton  Combing  Machines  of  Continental  Make;   Index. 

TODD,  J.,  and  WHALL,  W.  B.  Practical  Seamanship 
for  Use  in  the  Merchant  Service:  including  all  ordinary  subjects; 
also  Steam  Seamanship,  Wreck  Lifting,  Avoiding  Collision.  Wire 
Splicing.  Displacement  and  everything  necessary  to  be  known 
by  seamen  of  the  present  day.  Fifth  Edition,  "with  247  illus- 
trations and  diagrams.     Svo,  cloth net,  $7. 50 

TOOTHED  GEARING.     A  Practical  Hand  book  for  Offices 

and  Workshops.  By  a  Foreman  Patternmaker.  184  illustra- 
tions.    12mo,  cloth 52.25 

TRATMAN,  E.   E.   R.      Railway   Track   and   Track-work. 

With  over  200  illustrations.     Svo,  cloth S3  .  00 

TRAVERSE    TABLE,    Showing    Latitude    and    Departure 

for  each  Quarter  Degree  of  the  Quadrant,  and  for  Distances  from  1 
to  100.  to  which  is  appended  a  Table  of  Natural  Sin^s  and  Tan- 
gents for  each  five  minutes  of  the  Quadrant.  (Reprinted  from 
Scribners  Pocket  Table  Book.)     Van  Xostrand's   Science  Series. 

16mo.  cloth SO .  50 

Morocco SI .  00 

TREVERT,  E.     How  to  BuUd  Dynamo-electric  Machinery, 

embracing  Theory,  Designing,  and  Construction  of  Dynamos  and 
Motors.  With  appendices  on  Field  Magnet  and  Armature 
Winding.  Management  of  Dynamos  and  Motors,  and  Useful 
Tables»of  Wire  Gauges.     8vo,  cloth,  illustrated S2 .  50 

Electricity  and  its  Recent  Applications.     A  Practical 

Treatise  for  Students  and  Amateurs,  vrith  an  Illustrated  Dictionary 
of  Electrical  Terms  and  Phrases.     12mo,  cloth. S2.00 

TUCKER,  J.  H.,  Dr.  A  Manual  of  Sugar  Analysis,  in- 
cluding the  Applications  in  General  of  Analytical  Methods  to  the 
Sugar  Industry.  With  an  Introduction  on  the  Chemistry  of 
Cane-sugar,  Dextrose,  Levulose  and  Milk-sugar.  Svo,  cloth, 
illustrated. $3.50 
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TUMLIRZ,  0.,  Dr.     Potential  and  it;  Application  to  the 

Explanation  of  Electric  Phenomena,  Popularly  Treated.  Trans- 
lated from  the  German  by  D.  Robertson.     12mo,  cloth,  ill.  $1 .  25 

TUNNER,  P.  A.  Treatis3  on  Roll-turning  for  the  Manu- 
facture of  Iron.  Translated  and  adapted  by  John  B.  Pearse,  of 
the  Pennsylvania  Steel  Works,  with  numerous  engravings,  wood- 
cuts.    8vo,  cloth,  with  folio  atlae  of  plates $10.00 

UNDERBILL,    C.    R.     The    Electro-magnet.     N  w    and 

revised  edition.     8vo,  cloth,  illustrated $1 .  50 

URQUHART,  J.  W.      Electric  Light  Fitting.      Embodying 

Practical  Notes  on  Installation  Management.  A  Handbook  for 
Working  Electrical  Engineers.  With  numerous  illustrations. 
12mo;  cloth $2.00 

Electro-plating.  A  Practical  Handbook  on  the  Depo- 
sition of  Copper,  Silver,  Nickel,  Gold,  Brass,  Aluminium,  Plati- 
num, etc.    Fourth  Edition.     12mo $2 .  00 


-  Electrotyping.    A  Practical  Manual  Forming  a  New 

and  Systematic  Guide  to  the  Reproduction  and  Multiplication  of 
Printing  Surfaces,  etc.     12mo..  . $2 .  00 

-  Dynamo  Construction.     A  Practical  Handbook  for  the 

Use  of  Engineer  Constructors  and  Electricians  in  Charge,  em- 
bracing Frame  Work  Building,  Field  Magnet  and  Armature 
Winding  and  Grouping,  Compounding,  etc.,  with  Examples  of 
Leading  English,  American  and  Continental  Dynamos  and  Motors, 
with  numerous  illustrations.     12mo,  cloth $3 .00 

Electric  Ship  Lighting.     A  Handbook  on  the  Practical 


Fitting  and  Running  of  Ship's  Electrical  Plant.  For  the  Use  of 
Ship  Owners,  and  Builders,  Marine  Electricians  and  Sea-going 
Engineers-in-Charge.      Numerous      illustrations.      12mo,      cloth, 

$3.00 

UNIVERSAL    TELEGRAPH    CIPHER    CODE.     Arranged 

for  General  Correspondence.     12mo,  cloth $1 .  00 

VAN  NOSTRAND'S  Engineering  Magazine.     Complete  Sets, 

1869  to  1886  inclusive.     35  vols. ,  in  cloth $60 .  00 

"      "      in  half  morocco $100.00 

Year  Book  of  Mechanical  Engineering  Data.      With 

many  tables  and  diagrams.     (First  Year  of  issue  1905.)    In  Press. 
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VAN   WAGENEN,   T.   F.     Manual   of  Hydraulic   Mining. 

For  the  Use  of  the  Practical  Miner.  Revised  and  enlarged  edition. 
18mo,  cloth $1 .00 

VILLON,  A.  M.     Practical  Treatise  on  the  Leather  Industry. 

With  many  tables  and  illustrations  and  a  copious  index.  A  trans- 
lation of  Villon's  "Traite  Pratique  de  la  Fabrication  des  Cuirs  et 
du  Travail  des  Peaux,"  by  Frank  T.  Addyman,  B.Sc.  8vo, 
cloth,  illustrated net,  $10 .  00 

VINCENT,     C.      Ammonia    and    its    Compounds:      their 

Manufacture  and  Uses.  Translated  from  the  French  by  M.  J. 
Salter.    8vo,  cloth,  illustrated net,  $2.00 

VOLK,    C.     Haulage    and    Winding    Appliances    Used    in 

Mines.  With  plates  and  engravings.  Translated  from  the  Ger- 
man.    8vo,  cloth,  illustrated net,  $4.00 

VON  GEORGIEVICS,  G.     Chemical  Technology  of  Textile 

Fibres :  their  Origin,  Structure,  Preparation,  Washing,  Bleaching, 
Dyeing,  Printing,  and  Dressing.  Translated  from  the  German 
by  Charles  Salter.     With  many  diagrams  and  figures.     8vo,  cloth, 

illustrated.     306  pages net,  $4 .  50 

Contents. — The  Textile  Fibres;  Washing,  Bleaching,  and  Car- 
bonizing; Mordants  and  Mordanting;  Dyeing,  Printing,  Dressing 
and  Finishing;   Index. 

Chemistry  of  Dyestuffs.     Translated  from  the  Second 

German  edition  by  Chas.  Salter.     8vo,  cloth,  412  pages. .  .   net,  $4 .  50 

WABNER,    R.     Ventilation    in    Mines.     Translated    from 

the.  German  by  Charles  Salter.  With  plates  and  engravings. 
8vo,  cloth,  illustrated,  240  pages net,  $4 .  50 

WADE,  E.  J.  Secondary  Batteries:  their  Theory,  Con- 
struction and  Use.  With  innumerable  diagrams  and  figures. 
8vo,  cloth,  illustrated,  492  pages net,  $4 .  00 

WALKER,    F.,    C.E.      Aerial    Navigation.      A    Practical 

Handbook  on  the  Construction  of  Dirigible  Balloons,  Aerostats, 
Aeroplanes  and  Aeromotors.  With  diagrams,  tables  and  illus- 
trations.    8vo,  cloth,  illustrated,  151  pages net,  $3.00 

WALKER,   W.   H.     Screw   Propulsion.     Notes    on    Screw 

Propulsion;  its  Rise  and  History.     8vo,  cloth $0 .  75 

WALKER,   S.   F.     Electrical  Engineering  in   Our  Homes 

and  Workshops.  A  Practical  Treatise  on  Auxiliary  Electrical 
Apparatus.  Third  Edition,  revised,  with  numerous  illustrations. 
8vo,  cloth $2.00 
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WALKER,  S.  F.     Electric  Lighting  for  Marine  Engineers, 

or  How  to  Light  a  Ship  by  the  Electric  Light  and  How  to  Keep  the 
Apparatus  in  Order.    103  illus.,  8vo,  cloth     Second  Edition . .  $2 .  00 

WALLING,  B.  T.,  Lieut.  Com.  U.S.N.,  and  MARTIN,  JULIUS. 

Electrical  Installations  of  the  United  States  Navy.     With  many 
diagrams  and  eDgravings.     8vo,  cloth,  illustrated In  Press. 

WALLIS  TAYLER,  A.  J.  Modern  Cycles,  a  Practical 
Handbook  on  Their  Construction  and  Repair.  With  300  illustra- 
tions.    8vo,  cloth ; $4.00 

Motor  Cars,  or  Power  Carriages  for  Common  Roads. 

With  numerous  illustrations.     8vo,  cloth Si .  80 

Bearings  and  Lubrication.     A  Handbook  for  Every 

user  of  Machinery.     Fully  illustrated.     8vo,  eloth SI .  50 

Refrigerating  and  Ice-making  Machinery.  A  Descrip- 
tive Treatise  for  the  use  of  persons  employing  refrigerating  and 
ice-making  installations,  and  others.    8vo,  cloth,  illustrated.    $3 .  00 

Refrigeration  and   Cold   Storage :    being  a  Complete 

practical  treatise  on  the  art  and  science  of  refrigeration.     600 
pages,  361  diagrams  and  figures.     8vo,  cloth net,  $4 .  50 

Sugar   Machinery.     A   Descriptive    Treatise,    devoted 

to  the  Machinery  and  Apparatus  used  in  the  Manufacture  of 
Cane  and  Beet  Sugars.     12mo,  cloth,  illustrated $2 .00 

WANKLYN,  J.  A.  A  Practical  Treatise  on  the  Exam- 
ination of  Milk  and  its  Derivatives,  Cream,  Butter  and  Cheese. 
12mo,  cloth $1 .00 

■ Water  Analysis.  A  Practical  Treatise  on  the  Exam- 
ination of  Potabfe  Water.     Tenth  Edition.     12mo,  cloth $2 .  00 

WANSBROtJGH,  W.  D.  The  A  B  C  of  the  Differential 
Calculus.     12mo,  cloth $1 .  50 

WARD,  J.  H.  Steam  for  the  Million.  A  Popular  Treat- 
ise on  Steam,  and  its  application  to  the  Useful  Arts,  especially  to 
Navigation.     8vo,  cloth $1 .  00 

WARING,    G.    E.,    Jr.     Sewerage    and    Land    Drainage. 

Illustrated  with  woodcuts  in  the  text,  and  full-page  and  folding 
plates.     Quarto.     Cloth.     Third  Edition $6 .  00 
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WARING,  G.  E.,  Jr.     Modern  Methods  of  Sewage  Disposals 

for  Towns,  Public  Institutions  and  Isolated  Houses.  Second 
Edition,  revised  and  enlarged.     260  pages.     Illus.     Cloth...   $2.00 

How  to  Drain  a  House.     Practical  Information  for 

Householders.     Third  Edition,  enlarged.     12mo,  cloth $1 .25 

WATSON,  E.  P.     Small  Engines  and  Boilers.     A  Manua' 

of  Concise  and  Specific  Directions  for  the  Construction  of  Small 
Steam-engines  and  Boilers  of  Modern  Types  from  five  Horse- 
power down  to  model  sizes.  Illustrated  with  Numerous  Dia- 
grams and  Half-tone  Cuts.     12mo,  cloth $1.25 

WATT,  A.     Electro-plating  and  Electro-refining  of  Metals : 

being  a  new  edition  of  Alexander  Watts'  "  Electro-Deposition. " 
Revised  and  largely  rewritten  by  Arnold  Philip,  B.Sc.  With 
numerous  figures  and  engravings.  8vo,  cloth,  illustrated,  680 
pages net,  $4 .  50 

Electro-metallurgy     Practically     Treated.       Eleventh. 

Edition,  considerably  enlarged.     12mo,  cloth $1 .  00 

The  Art  of  Soap-making.     A  Practical  Handbook  of 

the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  etc.  In- 
cluding many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Lyes.  With  illustrations.  Fifth  Edition, 
revised  and  enlarged.     8vo,  cloth $3 .  00 

The  Art  of  Leather  Manufacture:    being  a  Practical 

Handbook,  in  which  the  Operations  of  Tanning,  Currying  and 
Leather  Dressing  are  Fully  Described,  and  the  Principles  of 
Tanning  Explained,  and  many  Recent  Processes  Introduced. 
With  numerous  illustrations.     Second  Edition.     8vo,  cloth.  .   $4 .  00 

WEALE,  J.     A  Dictionary  of  Terms  Used  in  Architecture, 

Building,  Engineering,  Mining,  Metullargy,  Archaeology,  the  Fine 
Arts,  etc.,  with  explanatory  observations  connected  with  applied 
Science  and  Art.  Fifth  Edition,  revised  and  corrected.  12mo, 
cloth $2 .  50 

WEBB,  H.  L.     A  Practical  Guide  to  the  Testing  of  Insu- 
lated Wires  and  Cables.     Illustrated.     12mo,  cloth $1 .  00 

The   Telephone   Handbook.      128   Illustrations.      146 

pages.     16mo,  cloth $1 .  00 

WEEKES,  R.  W.     The  Design  of  Alternate  Current  Trans- 
formers.    Illustrated.     12mo,  cloth $1 .00 
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WEISBACH,    J.     A    Manual    of    Theoretical    Mechanics. 

Ninth  American  edition.  Translated  from  the  fourth  augmented 
and  improved  German  edition,  with  an  Introduction  to  the  Calculus 
by  Eckley  B.  Coxe,  A.M.,  Mining  Engineer.     1,100  pages  and  902 

woodcut  illustrations.     8vo,  cloth $6 .  00 

Sheep %1 .  50 

Mechanics   of   Air  Machinery.     Translated    with   an 

appendix  on  American  Practice  by  Prof.  A.  Trowbridge,  Columbia 
University In  Press. 

WESTON,  E.  B.     Tables  Showing  Loss  of  Head  Due  to 

Friction  of  Water  in  Pipes.     Second  Edition.     12mo,  cloth.  .   $1.50 

WEYMOUTH,  F.  M.     Drum  Armatures  and  Commutators. 

(Theory  and  Practice.)  A  complete  Treatise  on  the  Theory 
and  Construction  of  Drum  Winding,  and  of  commutators  for 
closed-coil  armatures,  together  with  a  full  resume  of  some  of  the 
principal  points  involved  in  their  design,  and  an  exposition  of 
armature  reactions  and  sparking.     8vo,  cloth $3 .  00 

WHEELER,    J.    B.,    Prof.     Art    of    War.      A    Course    of 

Instruction  in  the  Elements  of  the  Art  and  Science  of  War,  for 
the  Use  of  the  Cadets  of  the  United  States  Military  Academy, 
West  Point,  N.  Y.     12mo,  cloth $1 .75 

Field  Fortifications.  The  Elements  of  Field  Forti- 
fications, for  the  Use  of  the  Cadets  of  the  United  States  Military 
Academy,  West  Point,  N.  Y.      12mo,  cloth $1 .  75 

WHIPPLE,  S.,  C.E.     An  Elementary  and  Practical  Treatise 

on  Bridge  Building.     8vo,  cloth $3 .00 

WHITE,  W.  H.,  K.C.B.     A  Manual  of  Naval  Architecture, 

for  use  of  Officers  of  the  Royal  Navy,  Officers  of  the  Mercantile 
Marine,  Yachtsmen,  Shipowners  and  Shipbuilders.  Containing 
many  figures,  diagrams  and  tables.  Thick,  8vo,  cloth,  illus- 
trated    $9 . 00 

WHITELAW,    J.,    Jr.     Surveying,    as   Practiced   by   Civil 

Engineers  and  Surveyors;  including  the  setting-out  of  work  for 
construction  and  surveys  abroad,  with  examples  taken  from 
actual  practice.  Intended  as  a  handbook  for  Field  and  Office 
use;  also  as  a  text-book  for  Students.  With  numerous  tables, 
full-page  plates  and  diagrams.  8vo,  cloth,  illustrated,  516 
pages net,  $4 .  00 

WILKINSON,  H.  D.     Submarine  Cable-laying,  Repairing, 

and  Testing.     8vo,  cloth $5.00 
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WILLIAMSON,  R.  S.     On  the  Use  of  the  Barometer  on 

Surveys  and  Reconnoissances.  Part  I.  Meteorology  in  its  Con- 
nection with  Hypsometry.  Part  II.  Barometric  Hypsometry. 
With  illustrative  tables   and  engravings.     4to,   cloth....    $15.00 

Practical  Tables  in  Meteorology  and  Hypsometry,  in 

connection  with  the  use  of  the  Barometer.     4to,  cloth $2 .  50 

WILSON,    G.     Inorganic   Chemistry,   with  New  Notation. 

Revised  and  enlarged  by  H.  G.  Madan.  New  edition.  12mo, 
cloth S2 .  00 

WILLSON,    F.    N.      Theoretical    and    Practical    Graphics. 

An  Educational  Course  on  the  Theory  and  Practical  Applications 

,  of    Descriptive    Geometry    and   Mechanical    Drawing.     Prepared 

for    students    in    General    Science,    Engraving,    or   Architecture. 

Third  Edition,  revised.     4to,  cloth,  illustrated net,  $4.00 

Note-taking,  Dimensioning  and  Lettering.     4to,  Cloth, 

illustrated net,  $1.25 

Third  Angle  Method  of  Making  Working  Drawings. 

4to,  cloth,  illustrated net,  $1 .  25 

Some    Mathematical    Curves,    and    Their    Graphical 

Construction.     4to,  cloth,  illustrated net,  $1 .50 

Practical     Engineering     Drawing    and    Third    Angle 

Projection.     4to,  cloth,  illustrated net,  $2.80 

Shades,  Shadows,  and  Linear  Perspective.     4to,  Cloth. 

illustrated net,  $1 .  00 

Descriptive    Geometry  —  Pure    and    Applied,    with    a 

chapter  on  Higher  Plane  Curves,  and  the  Helix.  4to,  cloth 
illustrated net ,  $3 .  00 

WINKLER,  C,  and  LUNGE,  G.     Handbook  of  Technical 

Gas-Analysis.  With  figures  and  diagrams.  Second  English  edi- 
tion. Translated  from  the  third  greatly  enlarged  German  edition, 
with  some  additions  by^George  Lunge,  Ph.D.  8vo,  cloth,  illus- 
trated, 190  pages $4.00 

WOODBURY,   D.   V.     Treatise   on  the   Various  Elements 

of  Stability  in  the  Well-proportioned  Arch.  WTith  numerous 
tables  of  the  Ultimate  and  Actual  Thrust.  8vo,  half  morocco. 
Illustrated $4 .  00 
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WRIGHT,  A.  C.     Analysis  of  Oils  and  Allied  Substances. 

8vo,  cloth,  illustrated,  241  pages net,  $3 .  50 

Simple  Method  for  Testing  Painters'  Materials.     8vo, 

cloth,  160  pages : net,  $2 .  50 

WRIGHT,   T.   W.,    Prof.     (Union    College.)     Elements   o' 

Mechanics;  including  Kinematics,  Kinetics  and  Statics.  With  ap- 
plications.    Third  Edition,  revised  and  enlarged.    8vo,  cloth.  .  $2 .  50 

WYNKOOP,   R.     Vessels    and  Voyages,   as  Regulated  by 

Federal  Statutes  and  Treasury  Instructions  and  Decisions.  8vo, 
cloth $2.00 

YOUNG,  J.  E.     Electrical  Testing  for  Telegraph  Engineers. 

With  Appendices  consisting  of  Tables.     8vo,  cloth,  illus. .  .    $4.00 

YOUNG   SEAMAN'S    MANUAL.     Compiled   from   Various 

Authorities,  and  Illustrated  with  Numerous  Original  and  Select 
Designs,  for  the  Use  of  the  United  States  Training  Ships  and  the 
Marine  Schools.      8vo,  half  roan $3 . 00 

ZIPSER,  J.     Textile  Raw  Materials,  and  Their  Conversion 

into  Yarns.  The  study  of  the  Raw  Materials  and  the  Technology 
of  the  Spinning  Process.  A  Text-book  for  Textile,  Trade  and 
higher  Technical  Schools,  as  also  for  self -instruction.  Based  upon 
the  ordinary  syllabus  and  curriculum  of  the  Imperial  and  Royal 
Weaving  Schools.  Translated  from  the  German  by  Chas.  Salter. 
8vo,  cloth,  illustrated net,  $5.00 
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Science  Series. 


jrTyHEY  are  put  up  in  a  uniform,  neat,  and  attractive  form.     i8mo, 
boards.      Price  50  cents  per   volume.      The  subjects  are  of  an 
eminently  scientific  character  and  embrace  a  wide  range  of  topics,  and 
are  amply  illustrated  when  the  subject  demands. 

No.  1.  CHIMNEYS  FOR  FURNACES  AND  STEAM  BOILERS.  By 
R.  Armstrong,  C.E.  Third  American  Edition.  Revised  and 
partly  rewritten,  with  an  Appendix  on  "Theory  of  Chimney 
Draught,"  by  F.  E.  Idell.  M.E. 

No.  2.  STEAM-BOILER  EXPLOSIONS.  By  Zerah  Colbura.  New 
Edition,  revised  by  Prof.  R.  H.  Thurston. 

No.  3.  PRACTICAL     DESIGNING     OF     RETAINING-WALLS.       By 

Arthur  Jacob,    B.A.     Fourth   edition,   with  additions   by   Prof. 
W.  Cain. 

No.  4.  PROPORTIONS  OF  PINS  USED  IN  BRIDGES.  By  Charles 
E.  Bender,  C.E.     Second  edition,  with  Appendix. 

No.  5.  VENTILATION  OF  BUILDINGS.  By  W.  F.  Butler.  Second 
edition,  re-edited  and  enlarged  by  James  A.  Greenleaf,  C.E. 
New  edition  in  press. 

No.  6.  ON  THE  DESIGNING  AND  CONSTRUCTION  OF  STORAGE 

Reservoirs.     By  Arthur  Jacob,  B.A.     Second  American  edition, 
revised,  with  additions  by  E.  Sherman  Gould. 

No.  7.  SURCHARGED  AND  DIFFERENT  FORMS  OF  RETAINING- 

walls.     By  James  S.  Tate,  C.E. 

No.  8.  A   TREATISE   ON   THE   COMPOUND    STEAM-ENGINE.     By 

John  Turnbull,  Jr.     2nd  edition,  revised  by  Prof.  S.  W.  Robinson. 

No.  9.  A  TREATISE  ON  FUEL.     By  Arthur  V.  Abbott,  C.E.     Founded 

on  the  original  treatise  of  C.  William  Siemens,  D.C.L. 

No.  10.  COMPOUND  ENGINES.  Translated  from  the  French  of  A. 
Mallet.  Second  edition,  revised  with  results  of  American  Prac- 
tice, by  Richard  H.  Buel,  C.E. 

No.  11.  THEORY  OF  ARCHES.     By  Prof.  W.  Allan. 

No.  12.  THEORY  OF   VOUSSOIR  ARCHES.     By   Prof.   Wm.   Cain. 

Second  edition,  revised  and  enlarged. 
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No.  13.  GASES  MET  WITH  IN  COAL  MINES.  By  J.  J.  Atkinson. 
Third  edition,  revised,  and  enlarged  by  Edward  H.  Williams,  Jr. 

No.  14.  FRICTION  OF  AIR  IN  MINES.     By  J.  J.  Atkinson.     Second 

American  edition. 

No.  15.  SKEW  ARCHES.     By  Prof.  E.  W.  Hyde,  C.E.     Illustrated. 

Second  edition. 

No.  16.  GRAPHIC  METHOD  FOR  SOLVING  CERTAIN  QUESTIONS 

in  Arithmetic  or  Algebra.  By  Prof.  G.  L.  Vose.  Second 
edition. 

No.  17.  WATER  AND  WATER-SUPPLY.     By  Prof.  W.  H.  Corfield, 

of  the  University  College,  London.    .Second  American  edition. 

No.  18.  SEWERAGE    AND    SEWAGE    PURIFICATION.     By    M.    N. 

Baker,  Associate  Editor  "Engineering  News." 

No.  19.  STRENGTH  OF  BEAMS  UNDER  TRANSVERSE  LOADS. 
By  Prof.  W.  Allan,  author  of  "Theory  of  Arches."  Second 
edition,  revised. 

No.  20.  BRIDGE  AND  TUNNEL  CENTRES.  By  John  B.  McMaster, 
C.E.     Second  edition. 

No.  2i.  SAFETY  VALVES.     By  Richard  H.  Buel,  C.E.     Third  edition. 

No.  22.  HIGH  MASONRY  DAMS.  By  E.  Sherman  Gould,  M.  Am. 
Soc.  C.  E. 

No.  23.  THE  FATIGUE  OF  METALS  UNDER  REPEATED  STRAINS. 

With  various  Tables  of  Results  and  Experiments.  From  the 
German  of  Prof.  Ludwig  Spangenburgh,  with  a  Preface  by  S.  H. 
Shreve,  A.M. 

No.  24.  A  PRACTICAL  TREATISE  ON  THE  TEETH  OF  WHEELS. 

By  Prof.  S.  W.  Robinson.     2nd  edition,  revised,  with  additions. 

No.  25.  THEORY  AND  CALCULATION  OF  CANTILEVER  BRIDGES. 
By  R.  M.  Wilcox. 

No.  26.  PRACTICAL  TREATISE  ON  THE  PROPERTIES  OF  CON- 

tinuous  Bridges.     By  Charles  Bender,  C.E. 

No.  27.  BOILER    INCRUSTATION    AND    CORROSION.     By    F.    J. 

Rowan.  New  edition.  Revised  and  partly  rewritten  by  F.  E. 
Idell. 

No.  28.  TRANSMISSION  OF  POWER  BY  WIRE  ROPES'.      By  Alber 

W.  Stahl,  U.S.N.     Second  edition,  revised. 

No.  29.  STEAM   INJECTORS.     Translated   from    the    French    of   M. 

Leon  Pochet.  **. 

No.  30.  MAGNETISM    OF    IRON    VESSELS    AND    TERRESTRIAL 

Magnetism.     By  Prof .  Fairman  Rogers. 
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No.  31.  THE    SANITARY   CONDITION   OF   CITY  AND    COUNTRY 

Dwelling-houses.     By   George   E.   Waring,   Jr.     Second    edition, 
revised. 

No.  32.  CABLE-MAKING    FOR    SUSPENSION    BRIDGES.     By    W. 

Hildenbrand,  C.E. 

No.  33.  MECHANICS  OF  VENTILATION.     By  George  W.  Rafter,  C.E. 

New  and  revised  edition. 

No.  34.  FOUNDATIONS.  By  Prof.  Jules  Gaudard,  C.E.  Trans- 
lated from  the  French.     Second  edition. 

No.  35.  THE  ANEROID  BAROMETER:  ITS  CONSTRUCTION  AND 
Use.  Compiled  by  George  W.  Plympton.  Eighth  edition, 
revised  and  enlarged. 

No.  36.  MATTER  AND  MOTION.  By  J.  Clerk  Maxwell,  M.A.  Second 
American  edition. 

No.  37.  GEOGRAPHICAL  SURVEYING:  ITS  USES,  METHODS, 
and  Results.     By  Frank  De  Yeaux  Carpenter,  C.E. 

No.  38.  MAXIMUM  STRESSES  IN  FRAMED  BRIDGES.     By  Prof. 

William  Cain,  A.M.,  C.E.     New  and  revised  edition. 

No.  39.  A    HANDBOOK    OF    THE    ELECTRO-MAGNETIC    TELE- 

graph.     By  A.  E.  Loring.     Fourth  edition,  revised. 

No.  40.  TRANSMISSION  OF  POWER  BY  COMPRESSED  AIR.     By 

Robert  Zahner,  M.E.     New  edition,  in  press. 

No.  41.  STRENGTH  OF  MATERIALS.  By  William  Kent,  C.E., 
Assoc.  Editor  "Engineering  News."     Second  edition. 

No.  42.  THEORY  OF  STEEL-CONCRETE  ARCHES,  AND  OF 

Vaulted    Structures.       By    Prof.    Wm.    Cain.       Third     edition, 
thoroughly  revised. 

No.  43.  WAVE  AND  VORTEX  MOTION.  By  Dr.  Thomas  Craig, 
of  Johns  Hopkins  University. 

No.  44.  TURBINE  WHEELS.  By  Prof.  W.  P.  Trowbridge,  Columbia 
College.     Second  edition.     Revised. 

No.    45.  THERMO-DYNAMICS.     By    Prof.    H.    T.    Eddy,    University 

of  Cincinnati.     New  edition,  in  press. 

No.  46.  ICE-MAKING  MACHINES.  From  the  French  of  M.  Le  Doux. 
Revised  by  Prof.  J.  E.  Denton,  D.  S.  Jacobus,  and  A.  Riesenberger. 
Fifth  edition,  revised. 

No.  47.  LINKAGES:  THE  DIFFERENT  FORMS  AND  USES  OF 
Articulated  Links.     By  J.  D.  C.  De  Roos. 

No.  48.  THEORY  OF  SOLID  AND  BRACED  ELASTIC  ARCHES 
By  William  Cain,  C.E. 

No.  49.  MOTION  OF  A  SOLID  IN  A  FLUID.     By  Thomas  Craig,  Ph.D. 
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No.  50.  DWELLING-HOUSES:      THEIR     SANITARY     CONSTRUC- 

tion  and  Arrangem  nts.     By  Prof.  W.  H.  Corfield. 

No.  51.  THE  TELESCOPE  :    OPTICAL  PRINCIPLES  INVOLVED  IN 

the  Construction  of  Refracting  and  Reflecting  Telescopes,  with 
a  new  chapter  on  the  Evolution  of  the  Modern  Telescope,  and  a 
Bibliography  to  date.  With  diagrams  and  folding  plates.  By 
Thomas  Nolan.     Second  edition,  revised  and  enlarged. 

No.  52.  IMAGINARY    QUANTITIES:     THEIR    GEOMETRICAL    IN- 

terpretation.  Translated  from  the  French  of  M.  Argand  by 
Prof.  A.  S.  Hardy. 

No.  53.  INDUCTION    COILS:     HOW    MADE    AND    HOW    USED. 

Eleventh    American    edition. 

No.  54.  KINEMATICS    OF    MACHINERY.     By    Prof.    Alex.    B.    W. 

Kennedy.     With  an  introduction  by  Prof.  R.  H.  Thurston. 

No.  55.  SEWER  GASES:    THEIR  NATURE  AND   ORIGIN.     By  A. 

de  Varona.     Second  edition,  revised  and  enlarged. 

No.  56.  THE  ACTUAL  LATERAL  PRESSURE  OF  EARTHWORK. 
By  Benj.  Baker,  M.  Inst.,  C.E. 

No.  57.  INCANDESCENT  ELECTRIC  LIGHTING.  A  Practical  De- 
scription of  the  Edison  System.  By  L.  H.  Latimer.  To 
which  is  added  the  Design  and  Operation  of  Incandescent  Sta- 
tions, by  C.  J.  Field;  and  the  Maximum  Efficiency  of  Incandescent 
Lamps,  by  John  W.  Howell. 

No.  58.  VENTILATION  OF  COAL  MINES.  By  W.  Fairley,  M.E., 
and  Geo.  J.  Andre. 

No.  59.  RAILROAD  ECONOMICS;  OR,  NOTES  WITH  COMMENTS. 
By  S.  W.  Robinson,  C.E. 

No.  60.  STRENGTH    OF    WROUGHT-IRON    BRIDGE    MEMBERS. 

By  S.  W.  Robinson,  C.E. 

No.  61.  POTABLE    WATER,     AND     METHODS     OF     DETECTING 

Impurities.     By  M.  N.  Baker. 

No.  62.  THEORY  OF  THE  GAS-ENGINE.  By  Dougald  Clerk.  Third 
edition.     With  additional  matter.     Edited  by  F.  E.  Idell,  M.E. 

No.  63.  HOUSE-DRAINAGE  AND  SANITARY  PLUMBING.  By  W. 
P.  Gerhard.     Tenth  edition. 

No.  64.  ELECTRO-MAGNETS.     By  A.  N.  Mansfield. 

No.  65.  POCKET  LOGARITHMS  TO  FOUR  PLACES  OF  DECIMALS. 

Including  Logarithms  of  Numbers,  etc. 

No.  66.  DYNAMO-ELECTRIC  MACHINERY.  By  S.  P.  Thompson. 
With  an  Introduction  by  F.  L.  Pope.     Third  edition,  revised. 

No.  67.  HYDRAULIC  TABLES  FOR   THE  CALCULATION  OF    THE 

Discharge  through  Sewers,"  Pipes,  and  Conduits.  Based  on 
"Kutter's  Formula."     By  P.  J.  Flynn. 
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No.  68.  STEAM-HEATING.  By  Robert  Briggs.  Third  edition,  re- 
vised, with  additions  by  A.  R.  Wolff. 

No.  69.  CHEMICAL  PROBLEMS.  By  Prof.  J.  C.  Foye.  Fourth 
edition,  revised  and  enlarged. 

No.  70.  EXPLOSIVE  MATERIALS.     By  Lieut.  John  P.  Wisser. 

No.  71.  DYNAMIC  ELECTRICITY.  By  John  Hopkinson,  J.  A. 
Shoolbred,  and  R.  E.  Day. 

No.  72.  TOPOGRAPHICAL  SURVEYING.  By  George  J.  Specht, 
Prof.  A.  S.  Hardy,  John  B.  McMaster,  and  H.  F.  Walling.  Second 
edition,  revised. 

No.  73.  SYMBOLIC    ALGEBRA;     OR,    THE    ALGEBRA    OF   ALGE- 

braic  Numbers.     By  Prof.  William.  Cain. 

No.  74.  TESTING  MACHINES:  THEIR  HISTORY,  CONSTRUC- 
tion  and  Use.     By  Arthur  V.  Abbott. 

No.  75.  RECENT  PROGRESS  IN  DYNAMO-ELECTRIC  MACHINES. 

Being    a    Supplement    to    "Dynamo-electric    Machinery."      By 
Prof.  Sylvanus  P.  Thompson. 

No.  76.  MODERN    REPRODUCTIVE    GRAPHIC    PROCESSES.     By 

Lieut.  James  S.  Pettit,  U.S.A. 

No.  77.  STADIA  SURVEYING.  The  Theory  of  Stadia  Measure- 
ments.    By  Arthur  Winslow.     Fifth  edition. 

No.  78.  THE  STEAM-ENGINE  INDICATOR  AND  ITS  USE.  By 
W.  B.  Le  Van. 

No.  79.  THE  FIGURE  OF  THE  EARTH.     By  Frank  C.  Roberts,  C.E. 

No.  80.  HEALTHY  FOUNDATIONS  FOR  HOUSES.  By  Glenn 
Brown. 

No.  81.  WATER  METERS:   COMPARATIVE  TESTS  OF  ACCURACY, 

Delivery,   e-c.     Distinctive   features  of   the   Worthington,    Ken- 
nedy, Siemens,  and  Hesse  meters.     By  Ross  E.  Browne. 

No.  82.  THE  PRESERVATION  OF  TIMBER  BY  THE  USE  OF  ANTI- 

septics.     By  Samuel  Bagster  Boulton,  C.E. 

No.  83.  MECHANICAL  INTEGRATORS.  By  Prof.  Henry  S.  H. 
Shaw,  C.E. 

No.  84.  FLOW  OF  WATER  IN  OPEN  CHANNELS,  PIPES,  CON- 
duits,  Sewers,  etc.     With  Tables.     By  P.  J.  Flynn,  C.E. 

No.  85.  THE  LUMINIFEROUS  JETRER.     By  Prof.  De  Volson  Wood. 

No.  86.  HANDBOOK   OF   MINERALOGY:     DETERMINATION,    DE- 

scription,  and   Classification  cf  -Minerals   Found   in   the  United 
States.     By  Prof.  J.  C.  Foye.     Fifth  edition,  revised. 
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No.  87.   TREATISE   ON   THE   THEORY  OF   THE   CONSTRUCTION 

of  Helicoidal  Oblique  Arches.     By  John  L.  Culley,  C.E. 

No.  88.  BEAMS  AND  GIRDERS.  Practical  Formulas  for  their  Resist- 
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